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EXECUTIVE SUMMARY 

As p a r t  of the  Northwest Coal Investigation program funded by the  

S t a t e  of Alaska and coord ina ted  by t h e  Div is ion  of  Geologica l  and 

Geophysical  Surveys, C. C. Hawley and Associates, Inc, was contracted 

t o  evaluate  three coal occur rences  i n  t h e  Kotzebue and Norton Sound 

a r e a s  of western Alaska. 

Ch icago  Creek ,  a l i g n i t i c  c o a l  depos i t  which i s  a p o t e n t i a l  

a l t e r n a t i v e  energy source f o r  Kotzebue, supported a sma l l  mine a t  t h e  

t u r n  o f  t h e  century with a t o t a l  production of approximately 100,000 

tons. The deposit consis ts  of a s ing le  seam which averages 35 f e e t  i n  

t h i c k n e s s ,  s t r i k e s  generally north, and d i p s  approximately 45 degrees 

t o  the west, 

The 1983 program added 2,800 f e e t  of rotary d r i l l i n g  information, 

over 13,000 f e e t  of useful surface  geophysics,  and g e o l o g i c  mapping. 

From t h i s  in format ion ,  a  new model fo r  the coal  deposit  is developed 

which could have important implications f o r  fu r ther  exploration,  

A geophysical  reconna issance  program was des igned  t o  t e s t  the  

mer i t s  of several geophysical t echniques  f o r  d i s t i n g u i s h i n g  coa l  i n  

t h e  permafrost  environment. The program indicated t h a t ,  of the  three  



techniques  tested,  the magnetometer survey showed the  best  correlation 

t o  the coal-bearing sequence, 

Resource  e s t i m a t e s  i n d i c a t e  a 3 . 4  m i l l i o n  ton  demonstrated 

resource  e x i s t s ,  and i n t e r p r e t i v e  geology sugges ts  an a d d i t i o n a l  

inferred resource of 1 million tons, 

Prel iminary mine f e a s i b i l i t y  suggests  t h a t  Chicago Creek has a 

good chance of becoming economic, A t  t h i s  prel iminary s t a g e ,  t o  be 

compe t i t ive ,  it appears t h a t  a Chicago Creek mine must be a b l e  t o  

del iver  coal t o  Kotzebue f o r  about $85/ton, Past  c o s t  e s t ima tes ,  and 

one  completed f o r  t h i s  s tudy,  i n d i c a t e  t h a t  t h i s  may be f e a s i b l e ;  

k ~ u e v e r ,  f u r t h e r  d e t a i l e d  mining engineering needs t o  be completed 

E-?fore the f e a s i b i l i t y  of a mining operation can be assured, 

Exploratory d r i l l i n g  a t  the Koyuk and Unalakleet s i t e s  determined 

t h a t  c o a l  occurrences were th in  ( l e s s  than three f e e t ) ,  deeply buried, 

and l a t e r a l l y  discont inuous,  Although economic recovery of t h e s e  

occurrences does not appear feasible ,  geologic inference suggests t h a t  

other areas  near the communities of Koyuk and Unalaklee t  may be more 

favorable for  thicker, more continuous coal deposits. 



I, INTRODUCTION 

The coal investigations described herein a r e  p a r t  of a  f i v e  year  

e f f o r t  by the Sta te  of Alaska t o  define a l te rna t ive  energy sources for  

r u r a l  Alaska, Dur ing  the  l a t e  1 9 7 0 ' s  and e a r l y  1980 '9 ,  s e v e r a l  

programs were funded t o  s e e k  new s o u r c e s  of energy and suggest  

innovat ive  methods of u s i n g  t r a d i t i o n a l  f u e l s  i n  remote  r e g i o n s .  

These s t u d i e s  covered widely s c a t t e r e d  a r e a s  of Alaska, inc luding  

Kotzebue and the Norton Sound areas .  They addressed such sources  a s  

w ind ,  geothermal, hydroe lec t r i c ,  c o a l ,  pea t ,  wood, and natural  gas, 

They- considered more e f f i c i e n t  des igns  of f o s s i l  f u e l  g e n e r a  t i o n  

p l a n t s ,  inc luding  waste heat recovery and biomass conversion, One of 

theimany conclusions drawn from these  s t u d i e s  suggested t h a t  c o a l  

could  be a  cos t -e f fec t ive  a l t e r n a t i v e  f o r  the  Kotzebue Sound a r e a  

(R, W, Retherford & Associates, 1980). 

I n  1980 t h e  S t a t e  began t o  f o c u s  t h e i r  e f f o r t s  on b e t t e r  

i d e n t i f i c a t i o n  of c r i t i c a l  resources  such a s  coal ,  I n i t i a l l y ,  a  

program funded by t h e  Alaska Power Authority compiled a l l  known 

information on coal resources wi th in  northwestern Alaska (Dames and 

Moore, 19801, In  fol lowing yea r s  t h e  Department of Geological and 

Geophysical Surveys (DGGS) se lec ted  some of the  more important  coa l  

depos i t s  t o  be investigated i n  more detai l .  Field work included rapid 

reconnaissance surveys,  a s  wel l  a s  d r i l l i n g  and mapping programs. 



Areas included the western North Slope (Kukparruk, Corwin B l u f f s ,  and 

Cape L i sbu rne ) ,  t h e  Kobuk River,  t h e  c o a l s  of  the Kugruk River, and 

Occurrences  on Norton Sound. Th i s  r e p o r t  is a c o n t i n u a t i o n  o f  a 

d r i l l i n g  e x p l o r a t i o n  program begun by D e n a l i  D r i l l i n g  i n  1982 

( S t e v e n s ,  1982). Coal occurrences  a t  Chicago Creek on t h e  Kugruk 

River and near  Koyuk and Unalak lee t  (on Norton Sound) were explored 

during t h i s  program (Figure 1). 

The o b j e c t i v e s  of t h e  program a s  o u t l i n e d  i n  RFP 9216 were a s  

follows: A t  Chicago Creek, determining t h e  no r the rn  e x t e n t  of t h e  

known c o a l  bed was c o n s i d e r e d  t o  be  o f  primary importance,  O f  

secondary importance was a search a t  the south end of  t h e  d e p o s i t  f o r  

t h e  bed where it was apparently o f f s e t  by a f a u l t ,  Coal reserves were 

t o  be calcula ted and a preliminary mine plan designed.  A t  Koyuk and 

U n a l a k l e e t  t h e  d e p o s i t s  were  l e s s  w e l l  d e f ined ,  s o  t h e  primary 

o b j e c t i v e  was t o  l o c a t e  and d e f i n e  any c o a l  b e d s  and t h e n  t o  

c h a r a c t e r i z e  them, I n i t i a l l y ,  t h e  program included a reconnaissance 

d r i l l i n g  program n e a r  Grouse Creek (approximate ly  30 m i l e s  west of 

Koyuk) ; however, t h i s  par t  of the  program was eliminated f o r  budgetary 

considerations. 





The s c o p e  o f  work a t  Chicago Creek c a l l e d  f o r  2,000 f e e t  of 

r o t a ry  d r i l l i n g ,  combined w i th  downhole g e o p h y s i c a l  l ogg ing  of t h e  

borehole .  In  add i t ion ,  a surface  geophysical program was requested t o  

t e s t  t he  merits o f  var ious  techniques f o r  e x p l o r a t i o n  o f  covered c o a l  

beds i n  permafrost t e r r a in .  

During t h e  1983 f i e l d  program a t  Chicago Creek, 14 ro tary  ho les  

were d r i l l e d ,  t o t a l i n g  2,800 f e e t .  Eleven o f  t h e  h o l e s  ( o r  2 ,218  

f e e t )  were g e o p h y s i c a l l y  logged. The s u r f a c e  geophys i ca l  program 

tested th r ee  techniques: 1 ) shallow seismic r e f l e c t i o n  (2,400 f e e t  o f  

l i n e ) ,  2) a new dual  frequency EM system developed by Scint rex  (1 1,000 

f e e t  3f l i n e ) ,  and 3) a magnetometer survey (13,500 f e e t  of l i ne ) .  

The scope o f  work a t  Koyuk i n c l u d e d  a contrac ted  amount of 1,150 

f e e t  of  d r i l l i n g .  T h i s  i n c l u d e d  c o r e  s a m p l i n g  i n  f i v e  h o l e s  

c o n t i n g e n t  upon f i n d i n g  a su i t ab l e  bed t o  be sampled. A l l  holes were 

t o  be logged geophysica l ly ,  bu t  no s u r f a c e  geophys i c s  were planned. 

A t  t h e  Koyuk s i te ,  a t o t a l  of 1,440 feet was d r i l l e d  and logged i n  12 

ro t a ry  holes. A s  very l i t t l e  coal was encountered, only one c o r e  h o l e  

was attempted with poor recovery. 



The c o n t r a c t e d  amount of d r i l l i n g  f o r  t h e  U n a l a k l e e t  s i t e  was 

1,500 fee t .  Similar  t o  Koyuk, t h i s  t o t a l  i n c l u d e d  c o r e  sampling i n  

f i v e  h o l e s  if a  s u i t a b l y  t h i c k  bed was encountered. The Unalakleet 

phase  of t he  p r o j e c t  was more e x p l o r a t o r y  i n  concep t  than  Chicago 

C r e e k  o r  Koyuk, and primary emphasis was p l a c e d  on s e a r c h i n g  f o r  

p o s s i b l e  coa l  b e d s  o v e r  a  broad a r e a ,  A c t u a l  1983 f i e l d  work a t  

U n a l a k l e e t  produced 12 geophys ica l ly  logged r o t a r y  h o l e s  t o t a l i n g  

1,820 f e e t .  A s  a t  Koyuk, t h e  few c o a l  i n t e r c e p t s  w e r e  t h i n  and 

l a t e r a l l y  discontinuous, so no coring was attempted. 



11, METHODS OF INVESTIGATION 

A combination of  geologic  mapping, d r i l l i n g ,  and geophys ica l  

surveying was employed t o  a i d  i n  the evaluation of coal resources of 

the three areas, 

S u r f a c e  geologic  mapping i s  l i m i t e d  by exposure i n  a l l  t h ree  

areas, The Koyuk s i t e  is  almost ent i rely covered and f e a t u r e l e s s ;  the  

Unalakleet s i t e  provided good beach exposures, The Chicago Creek s i t e  

i t s e l f  contained almost no exposures, but  bedrock outcrops were mapped 

downstream. A t  Unalakleet,  the beach exposures show t h a t  the coal is 

i n  t h i n  l e n s e s  and pods which formed i n  a h i g h  e n e r g y  d e l t a i c  

environment--an environment unsu i t ab le  f o r  t h e  format ion  of thick, 

continuous coal seams. A t  Chicago Creek, several exposures of s teeply  

dipping metasediments t o  the west of the coal deposit provide evidence 

of the folding tha t  has taken place. 

Aerial  reconnaissance shows a general  geomorphic depression t o  

the north of Chicago Creek, suggesting that  the coal-bearing sediments 

may carry through toward Willow Bay, 



The p r imary  means o f  a c q u i r i n g  subsu r face  d a t a  f o r  the Northwest 

C o a l  i n v e s t i g a t i o n  was a  r o t a r y  d r i l l i n g  p r o g r a m  c o m b i n e d  w i t h  

1 i t h o l o g i c  l o g g i n g  o f  t h e  c u t t i n g s  and c o m p r e h e n s i v e  g e o p h y s i c a l  

l o g g i n g  of the  borehole.  The d r i l l  was  a  Mayhew 1000 a i r - r o t a r y  r i g  

mounted on a  Yukon t r a c k e d  c a r r i e r .  The d r i l l i n g  s u b c o n t r a c t o r  was 

Thrasher. & Associates  of  Nome. 

Ha!.es were  d r i l l e d  w i t h  4 3/4" d r a g  and t r i c o n e  b i t s .  I n  o r d e r  

t o  p r o v i d e  l a r g e  c u t t i n g s  s u i t a b l e  f o r  l i t h o l o g i c  d e s c r i p t i o n ,  

d r a g / i n s e r t  b i t s  were u s e d  whenever  p o s s i b l e .  S t r o n g l y  i n d u r a t e d  

fo rma t i ens  requi red  t h e  use  of  t r i c o n e  b i t s .  

R o t a r y  c u t t i n g s  were c a u g h t  a s  a  cont inuous sample, t hen  broken 

i n t o  5-foot increments f o r  l i t h o l o g i c  desc r ip t ion .  Coal c u t t i n g s  were  

b a g g e d ,  s e a l e d ,  a n d  s h i p p e d  t o  t h e  M i n e r a l  I n d u s t r y  R e s e a r c h  

Laboratory i n  Fairbanks f o r  a n a l y s i s .  

T h e  s t a n d a r d  g e o p h y s i c a l  l o g  s u i t e  f o r  t h e  i n v e s t i g a t i o n  

c o n s i s t e d  of n a t u r a l  gamma, d e n s i t y ,  and c a l i p e r  l o g s .  Drill h o l e  66 

a t  C h i c a g o  C r e e k  w a s  l o g g e d  w i t h  a  m u l t i - c h a n n e l  s o n i c  t o o l  t o  

de te rmine  formation v e l o c i t i e s ,  i n  a d d i t i o n  t o  t h e  s t a n d a r d  s u i t e  of 



l o g s  i n  b o t h  d r y  and  f l u i d  f i l l e d ,  u n c a s e d  c o n d i t i o n s .  A l l  o t h e r  

b o r e h o l e s  were l o g g e d  d r y  and  u n c a s e d ,  The f l u i d  f i l l e d  b o r e h o l e  

provided a  c a l i b r a t e d  l o g  f o r  p r e c i s e  d e n s i t y  measu remen t s ;  however ,  

l o g  r e s p o n s e  and  r e s o l u t i o n  i n  t h e  d r y  h o l e s  was e x c e l l e n t .  A l l  

l i t h o l o g i e s  a r e  e a s i l y  i d e n t i f i e d  on  t h e  l o g s .  Prompt g e o p h y s i c a l  

l o g g i n g  o f  t h e  b o r e h o l e  w i t h  p r o p e r l y  c a l i b r a t e d  i n s t r u m e n t s  i n s u r e d  

a d e q u a t e  l o g  r e s p o n s e ,  The g e o p h y s i c a l  l o g g i n g  s u b c o n t r a c t o r  was  

B r i t i s h  P l a s t e rboa rd  ( B w  P,Bw, Inc. ) from Grand Junc t ion ,  Colorado. 

C. S u r f a c e  G e o ~ h v S i c g  

. The s u r f a c e  g e o p h y s i c a l  program a t  Chicago Creek was designed t o  

t e s ?  the response of seismic r e f l e c t i o n ,  EM, and m a g n e t i c  t e c h n i q u e s  

ova7 - a n  a r e a  known t o  be u n d e r l a i n  by coa l .  A complete  d i s c u s s i o n  of  

tile geophys ica l  program is inc luded  i n  Appendix A. 

Seismic r e f l e c t i o n  c a n  b e  e x p e c t e d  t o  be v a l u a b l e  i n  d i s c e r n i n g  

v e l o c i t y  c o n t r a s t s  between t h e  c o a l  and a s s o c i a t e d  s t r a t a .  R e f l e c t i o n  

seismics c a n  a l s o  p e n e t r a t e  h i g h  v e l o c i t y  n e a r  s u r f a c e  massive ice 

l a y e r s  l i k e l y  t o  b e  p r e s e n t .  A l though  s t e e p l y  d i p p i n g  s t r a t a  make 

i n t e r p r e t a t i o n  o f  r e f l e c t i o n  d a t a  d i f f i c u l t ,  p r e v i o u s  d r i l l i n g  

in fo rma t ion  s u g g e s t e d  t h a t  t h e  c o a l  u n i t  would f l a t t e n  w i t h  d e p t h .  

V e l o c i t y  s t r a t i f i c a t i o n  would b e  p r o v i d e d  by se i smic  r e f r a c t i o n  and 

down-hole s o n i c  l o g s  wh ich  would a l l o w  f o r  m o r e  a c c u r a c y  i n  t h e  

\ 
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i n t e r p r e t a t i o n  o f  t h e  r e f l e c t i o n  d a t a .  F o r  t h e  seismic r e f l e c t i o n  

t e c h n i q u e  t o  b e  e f f e c t i v e ,  s i m p l e  and c o n s i s t e n t  v e l o c i t y  r e l a t i o n s  

among r e f l e c t o r s  must be present .  The r e s u l t s  o f  t h e  downhole  s o n i c  

l o g s ,  h o w e v e r ,  showed  a n  e x t r e m e l y  b u s y  p r o f i l e  w i t h  m u l t i p l e  

r e f l e c t o r s .  These r e f l e c t o r s ,  which  were conf i rmed  upon a t t e m p t i n g  

a c t u a l  r e f l e c t i o n  s u r v e y s ,  p r o b a b l y  r e p r e s e n t  complex i c e  l e n s i n g  

t h r o u g h o u t  a t  l e a s t  t h e  u p p e r  50 f e e t  of  s u r f a c e  m a t e r i a l  a n d  

e f f e c t i v e l y  nega te  t h e  use of r e f l e c t i o n  seismic technique.  

Based on l i m i t e d  c o r r e l a t i o n  o f  s t r a t i g r a p h y  w i t h  t h e  EM d a t a  

c o l : e c t e d  d u r i n g  t h e  1982 i n v e s t i g a t i o n s ,  it was e x p e c t e d  t h a t  a  

slightly more s o p h i s t i c a t e d  EM s y s t e m  c o u l d  g a t h e r  s t i l l  b e t t e r  

i n f o r m a t i o n .  Thus,  a  r e l a t i v e l y  new system was s e l e c t e d  w i t h  g r e a t e r  

dep th  pene t ra t ion .  The r e s u l t s  of t h e  1983 EM s u r v e y ,  however ,  were 

d i s a p p o i n t i n g  showing a  very low l e v e l  o f  response. 

TI>= ~~zigne tometer  survey was i n c l u d e d  i n  t h e  g e o p h y s i c a l  p rogram 

p r i m a r i l y  as a  method f o r  l o c a t i n g  and t r a c i n g  t h e  suspec t ed  f a u l t  i n  

t h e  s o u t h e r n  p o r t i o n  o f  t h e  s t u d y  a r e a .  I t  a l s o  w a s  c o n s i d e r e d  

p o s s i b l e  t h a t  t h e  m a g n e t i c  s u s c e p t i b i l i t y  c o n t r a s t  between t h e  c o a l  

a n d  t h e  o t h e r  a s s o c i a t e d  u n i t s  c o u l d  b e  s u f f i c i e n t  t o  p r o v i d e  a  

r e c o g n i z a b l e  s i g n a l  u n d e r  f a v o r a b l e  c o n d i t i o n s .  The magne tome te r  

s u r v e y ,  somewhat s u r p r i s i n g l y ,  showed  q u i t e  good  r e s p o n s e  w i t h  

e x c e l l e n t  c o r r e l a t i o n  wi th  the  known s t r a t i g r a p h y .  



111. GEOLOGIC INVESTIGATIONS 

A. Chicaao Creek 

Introduction 

The Chicago Creek coal  deposit cons i s t s  of a s ing l e  main coal  bed 

with a maximum t r u e  thickness of approximately 80 f e e t  and an average  

t h i c k n e s s  o f  35  f e e t .  The bed g e n e r a l l y  s t r i k e s  nor th  and d i p s  

s t e e p l y  t o  t h e  west. The c o a l  i s  r a n k e d  a s  l i g n i t e  and  h a s  an 

averaged B r i t i s h  thermal  u n i t  (Btu) r a t i n g  of 6987 on an as-received 

b a s i s  (S t evens ,  1982). Proximate a n a l y s i s  of t h e  c o a l  i n d i c a t e s  

35.58% moi s tu re ,  26.28% v o l a t i l e  m a t t e r ,  30.86% fixed carbon, 7.28% 

ash (although p a r t s  of t h e  bed c o n t a i n  a s  much a s  17% a s h )  and .97% 

su l fu r  (Stevens, 1982). 

The Chicago Creek c o a l  occur rence  is  on the  northeastern corner 

of the  Seward Peninsula, about  15 m i l e s  s o u t h e a s t  of Deer ing and 14 

m i l e s  west of  Candle (F igu re  2).  The s i t e  of the  old Chicago Creek 

mine i s  l o c a t e d  a b o u t  1.25 mi l e s  e a s t  of t h e  conf luence  of Chicago 

Creek and t h e  Kugruk River,  a  nor th-f lowing r i v e r  which d ra ins  i n t o  

Kotzebue Sound. 



Figure 2 



Access 

The d r i l l i n g  and logging equipment used a t  t he  Chicago Creek s i t e  

was flown i n  by H e r c u l e s  a i r c r a f t  t o  t h e  5 , 0 0 0 - f o o t  a i r s t r i p  a t  

Candle. There  is an e s t a b l i s h e d  c a t  t r a i l  system between Candle and 

t h e  p ro jec t  a rea ,  and t he  equipment was walked o v e r l a n d  t o  t h e  s i t e ,  

S u p p o r t  t r a n s p o r t a t i o n  of men and equipment d u r i n g  t h e  s t udy  was 

handled  by Bombardier t r a c k e d  c a r r i e r  and three-wheel  a l l  t e r r a i n  

cycle. 

Ope ra t i ons  were based ou t  of an e s t a b l i s h e d  p l ace r  camp on the 

Kugruk River, approximately 1.5 miles from the  p r o j e c t  s i te  ( p r e s e n t l y  

l e a s e d  by V i r g i l  V i a l ,  Candle, Alaska), There is a 1,200-foot gravel  

a i r s t r i p  a t  t h e  camp, and personne l  and s u p p l i e s  were flown i n  by 

sin27 e Ot te r ,  Beaver and Cessna 206 a i r c r a f t  from Nome, 

Coal on Chicago Creek was discovered by gold prospectors  in 1902 

(Mof f i t ,  1906). Some deve lopmen t  work  was d o n e  i n  t h e  y e a r  o f  

d i s cove ry ,  b u t  t h e r e  was l i t t l e  demand f o r  t h e  coa l  u n t i l  the  winter  

of 1904-05 when gold was discovered on t he  t e r r a c e s  above Candle Creek 

and t h e  need a rose  f o r  a source of low cos t  hea t  f o r  steam-thaw mining 

methods. The Chicago Creek c o a l  mine began p r o d u c t i o n  i n  1908 i n  
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response t o  t h i s  demand. T h i s  was no t  a  long-term market,  however,  a s  

t h e  mine was abandoned i n  191 1. 

The mine was o p e r a t e d  d u r i n g  t h e  w i n t e r  months on ly ;  dur ing  t h e  

summer it was s e a l e d ,  p r o b a b l y  t o  p r e v e n t  t hawing  a r o u n d  t h e  a d i t .  

Henshaw (1909) v i s i t e d  t h e  proper ty .  He noted t h a t  t h e  i n c l i n e d  s h a f t  

was a p p r o x i m a t e l y  330 f e e t  l o n g ,  s l o p e d  a t  a n  a n g l e  o f  1 8  t o  36 

d e g r e e s  and r e a c h e d  a  depth of 200 f ee t .  The c o a l  was s o l i d l y  f rozen  

t o  t h a t  depth. Apparen t ly  t h e  mine was b e i n g  worked a t  f o u r  l e v e l s  

w h i c h  were 3 3 ,  80 ,  1 0 0 ,  a n d  144 f e e t  below t h e  s h a f t  house.  He 

observed t h a t  t h e  p a r t  of t h e  bed worked on t h e  l o w e s t  l e v e l  p roduced  

t h e  most un i form c o a l ;  however ,  a  po r t i on  o f  t h e  seam wi th in  20 f e e t  

of t h e  hanging wa l l  a l s o  y i e l d e d  good q u a l i t y  coa l .  

Previous Invest- 

A g r e a t  d e a l  o f  t h e  t u rn -o f - the -cen tu ry  i n t e r e s t  i n  t h e  Chicago 

Creek coa l  mine was undoub ted ly  l i n k e d  t o  p r o v i d i n g  e n e r g y  f o r  g o l d  

m i n i n g  o p e r a t i o n s .  Many o f  t h e  U. S. Geological  Survey p u b l i c a t i o n s  

t h a t  d e a l t  w i th  the Seward Peninsula  dur ing  t h e  1 9 0 0 r s  r e p o r t e d  on t h e  

p r o g r e s s  o f  c o a l  m i n i n g  i n  t h e  Chicago  Creek  a rea .  Geologis t s  t h a t  

au thored  these  a r t i c l e s  i nc luded  Moff i t t ,  Henshaw, and Smith. 



The Chicago Creek occurrence received very l i t t l e  a t ten t ion  u n t i l  

f u e l  o i l  increased d r a s t i c a l l y  i n  p r i c e  i n  t h e  1 9 7 0 t s ,  and a g a i n  

spurred  an i n t e r e s t  i n  l o c a l  energy a l t e r n a t i v e s .  A r epor t  by the 

Bureau of Mines (Toenges and Jol ley,  1947) offered t h e  f irst  d e t a i l e d  

p r e l i m i n a r y  m i n e  p l a n  f o r  t h e  d e p o s i t .  F i n a l l y ,  i n  1982, t h e  

exploration ef for t  by Denali  D r i l l i n g ,  Inc. and Stevens  Exploration 

Managtment Corporation provided a  much broader view of the extent, 

geolcgy, and s t ructure of the deposit. 

Regional Geology -- Chicago Creek 

I n  t h e  nor theas te rn  p a r t  of the  Seward peninsula  much of the  

basemei~t c o n s i s t s  of a  low - grade metamorphic complex of p r o b a b l e  

Paleozoic  age (Pzlgm--Figure 2). The composition of t h i s  uni t  ranges 

from chlor i te - r ich  m e t a p e l i t e  i n  t h e  lower s e c t i o n  t o  i n t e r l a y e r e d  

g r a p h i t i c  metaquar tz i te ,  micaceous marble and minor metapelite in  the 

midd le  s e c t i o n  t o  c h l o r i t e  and a l b i t e  s c h i s t s  w i t h  l e n s e s  of  

metabas i te  i n  t h e  upper section ( T i l l ,  1983). This sequence of rocks 

is often referred t o  a s  the "York s l a t e n  or the Nome group and has i n  

t h e  pas t  been considered Precambrian i n  age (Sainsbury, 1974). Recent 



work by T i l l ,  however, s u g g e s t s  t h a t  t h e s e  r o c k s  a r e  p r o b a b l y  c l o s e r  

t o  mid Paleozoic  and a r e  poss ib ly  e a r l y  Devonian i n  age.- 

On t h e  e a s t e r n  e d g e  of t h e  Seward P e n i n s u l a ,  t h i s  c r y s t a l l i n e  

basemen t  i s  j u x t a p o s e d  a g a i n s t  and l o c a l l y  o v e r l a i n  by a  series of 

l imes tone ,  sha l e ,  s i l t s t o n e ,  g raywacke ,  nonmarine c o n g l o m e r a t e ,  and  

c o a l  of C r e t a c e o u s  a g e  ( P a t t o n ,  1973). This  sequence is t h e  western 

f r i n g e  of t h e  nor thern  Yukon-Koyukuk p r o v i n c e ,  a  complex  and  m o b i l e  

t r a c t  of C r e t a c e o u s  and  T e r t i a r y  v o l c a n i c  and sed imentary  rocks ( K s  

and Kv--Figure 2)  which occur  i n  a  wedge-shaped, b a s i n - l i k e  d e p r e s s i o n  

e a s t  of t h e  Seward P e n i n s u l a  ( P a t t o n ,  1973) .  A c c o r d i n g  t o  Pa t ton ,  

r e m n a n t s  o f  t h e s e  c o a l - b e a r i n g  s e d i m e n t s  o c c u r  i n  s t r u c t u r a l  

d e p r e s s i o n s  w i t h i n  t h e  metamorphic  t e r r a n e  on t h e  e a s t e r n  Seward 

Peninsu la  

T h e  S p r u c e  C r e e k  F o r m a t i o n ,  a  l i m e s t o n e  a n d  s c h i s t  c o b b l e  

conglomerate of Cre t aceous  a g e  which o c c u r s  a l o n g  t h e  e a s t e r n  Darby 

M o u n t a i n s  a n d  t h e  h e a d w a t e r s  o f  t h e  Kugruk R i v e r ,  a n d  a n  unnamed 

sr;?ence of in te rbedded  graywacke sandstone,  s h a l e  and s i l t s t o n e  which 

o c c u r 3  n e a r  t h e  headwaters  of  t h e  Kugruk a r e  examples o f  some of t hese  

remnants (Sainsbury,  1974). These u n i t s  a p p e a r  on t h e  s o u t h - c e n t r a l  

p a r t  o f  F i g u r e  2 bu t ,  due t o  t h e  s c a l e  of t he  map, a r e  i nc luded  i n  the 

"TKsn u n i t ,  



To t h e  north,  along t h e  Kugruk River, medium t o  dark gray sandy 

and shaly limestone with coal fragments occur which a r e  a l s o  ass igned 

t o  t h e  Cre taceous ,  b u t  age  d a t e s  f o r  t h i s  u n i t  a r e  t e n t a t i v e  

(Sainsbury, 1974). This sequence is a lso  designated "TKsn on Figure  2 

and i s  shown on Plate 1 t o  the west of the coal seam, These rocks a re  

probably somewhat younger t h a n  t h e  Spruce  Creek Format ion  and 

a s s o c i a t e d  sediments mentioned above. They are  possibly equivalent t o  

the shale  and s i l t s tone  sequence which encloses the Chicago Creek coal  

bed. 

The Cretaceous sedimentary rocks along t h e  Kugruk, a s  wel l  a s  

o t h e r  s e q u e n c e s  on t h e  Seward  P e n i n s u l a  a s s i g n e d  t o  l a t e  

Cretaceous/ear ly T e r t i a r y ,  a r e  complexly deformed and a r e  commonly 

bur ied  by s u r f i c i a l  d e p o s i t s  and l o c a l l y  over l a in  by T e r t i a r y  t o  

r e c e n t  b a s a l t  flows. Their  exact  d i s t r i b u t i o n  and r e l a t i o n  t o  the 

basement is, theref ore, generally uncertain. 

The coa l  seam a t  Chicago Creek has been given a  t en ta t ive  age of 

Late Cretaceous from f o s s i l  determinations of broad l e a f  p l a n t s ,  but 

it may be a s  young a s  Early Tertiary (Sainsbury, 19741, The l i g n i t i c  

character of the bed i n d i c a t e s  t h a t  i t  may indeed be T e r t i a r y ,  The 

M i s s i s s i p p i a n  c o a l s  o f  Cape L i s b u r n e  range  from bituminous t o  

s e m i a n t h r a c i t i c ,  Cretaceous coa l s  of t h e  Beaufort a r e a  tend t o  be 

subb i tuminous  t o  b i tuminous ,  while Ter t i a ry  c o a l s  on t h e  Seward 



Peninsu la  a r e  g e n e r a l l y  l i g n i t i c  (Dames and Moore, Resource A s s o c i a t e s  

of Alaska, 19801, 

T e r t i a r y  coa l -bear ing  sediments  on t h e  Seward Peninsu la  g e n e r a l l y  

occur  a s  f l a t  l y i n g ,  poorly- t o  wel l -consol ida ted  g r a v e l ,  s a n d ,  s i l t ,  

c a r b o n a c e o u s  d e b r i s ,  a n d  1 i g n i  t i c  c o a l  beds.  These  s t r a t a  were 

p r i m a r i l y  d e p o s i t e d  i n  t e c t o n i c a l l y  c o n t r o l l e d  b a s i n s  and  v a r y  i n  

t h i c k n e s s  f r o m  3 , 0 0 0  t o  9 , 0 0 0  f e e t  (Dames a n d  Moore ,  Resource  

A s s o c i a t e s  of  Alaska,  1980). Though c o a l  o c c u r r e n c e s  h a v e  l o n g  been  

r e c o g n i z e d ,  t h e  e x t e n t  of  some of  t h e  T e r t i a r y  b a s i n s  on t h e  Seward 

Peninsu la  was no t  understood u n t i l  r e c e n t l y .  Uranium e x p l o r a t i o n  by 

p r i v a t e  i n d u s t r y  i n  t h e  l a t e  1 9 7 0 ' s  prompted d r i l l i n g  p rog rams  t o  

@ v a l u a t e  many o f  t h e  s e d i m e n t a r y  b a s i n s  o n  t h e  p e n i n s u l a ,  T h i s  

a c t i v i t y  r e s u l t e d  i n  r ecogn i t i on  of many of  t h e  a l l u v i a l  f l a t s  such a s  

M c C a r t h y I s  M a r s h  ( Q u - - s o u t h w e s t  F i g u r e  2 )  a n d  D e a t h  V a l l e y  

( Q u - - s o u t h c e n t r a l  F i g u r e  2 )  a s  l a r g e  c o a l - b e a r i n g  T e r t i a r y  b a s i n s  

(Dames and Moore, Resource Assoc ia tes  o f  Alaska,  1980). 

I n  L a t e  C r e t a c e o u s  o r  E a r l y  T e r t i a r y  time, e a s t w a r d  d i r e c t e d  

compressional  f o r c e s  began t o  develop north-south o r i e n t e d  s t r u c t u r a l  

t r e n d s  on t h e  e a s t e r n  Seward P e n i n s u l a .  Downwarped a r e a s  provided 

l o c a l e s  f o r  La te  Cre taceous  t o  E a r l y  T e r t i a r y  b a s i n  deve lopmen t  and  



c o a l  d e p o s i t i o n ,  Cont inual  compression from the west r e s u l t e d  i n  t h e  

f o r m a t i o n  of a f o l d  b e l t  known a s  t h e  L i sbu rne -Seward  t rend .  Th i s  

b e l t  s t r e t c h e s  from Cape Lisburne down t h e  e a s t  s i d e  o f  Kotzebue  Sound 

t h r o u g h  t h e  e a s t e r n  s i d e  o f  t h e  S e w a r d  P e n i n s u l a  ( t h e  C o l l i e r  

T h r u s t b e l t )  and  e a s t e r n  Norton Sound. It i s  r e f l e c t e d  i n  t h e  Cape 

L i s b u r n e  a r e a  a n d  on  t h e  Seward P e n i n s u l a  by t h e  deve lopmen t  o f  

nor th-south t r e n d i n g  a n t i c l i n a l / s y n c l i n a l  f o l d s  ( F i g u r e  2 )  and  t h e  

e a s t w a r d  t h r u s t i n g  o f  P a l e o z o i c  s t r a t a  o n t o  Mesozoic rocks  (Pa t ton ,  

1973) 

P r o j e c t  Area Geology 

The  c o a l  a t  Ch icago  Creek i s  g e n e r a l l y  u n d e r l a i n  by s c h i s t o s e  

metased imentary  r o c k s .  The main c o a l  bed  i s  o v e r l a i n  by s h a l e  and  

s i l t s t o n e  wh ich  i s  o v e r l a i n  by s u r f i c i a l  d e p o s i t s  of ice and f r o z e n  

silt,  

The  d e p o s i t  h a s  been subdivided i n t o  numbered s e p e n t s  on P l a t e  1 

f o r  d e s c r i p t i o n  o f  s p e c i f i c  a r e a s  i n  t h e  t e x t .  



The Basement C U :  The metamorphic u n i t  which comprises t h e  

basement  complex c o n s i s t s  of l i g h t  s i l v e r y  gray t o  green l o c a l l y  

micaceous ,  c h l o r i t i c ,  o r  g r a p h i t i c  s c h i s t s  and p h y l l i t e  w i t h  

occas iona l  q u a r t z  i t e .  The upper surf  ace of the  metasedimentary rocks 

has  weathered t o  a  l i g h t  g r a y  t o  g r e e n  s a p r o l i t e  t o  a  d e p t h  o f  

approximately 20 f e e t .  I n  t h e  c e n t r a l  p o r t i o n  of t h e  pro jec t  a rea  

(Segmen t s  I11 t h r o u g h  V A )  t h i s  m a t e r i a l  was a p p a r e n t l y  t h e  

d e p o s i t i o n a l  s u r f a c e  f o r  t he  coa l  a s ,  f o r  t h e  most p a r t ,  t he  seam 

r e s t s  unconformably on t h i s  weathered hor izon.  Examples of t h i s  can 

be seen i n  t h e  geophys ica l  and l i t h o l o g y  l o g s  f o r  DH-7-83, 8-83 and 

9-83. (On t h e  geophys i ca l  l o g s  t h e  m e t a s e d i m e n t a r y  r o c k s  c a n  be  

i d e n t i f i e d  by a  very h i g h  d e n s i t y ,  very low gamma response occurring 

a t ,  f o r  example, 162 f e e t  i n  DH-7-83.) 

I n  t h e  southern port ion of the project  area  i n  the  v i c in i ty  of the old 

mine (Segment I )  t h e  coa l  i s  desc r ibed  by S tevens  (1982) a s  be ing  

u n d e r l a i n  by a  l i g h t  gray underclay from 2  t o  10 f e e t  thick. It is 

s p e c u l a t e d  t h a t  t h i s  i s  a l s o  t h e  w e a t h e r e d  s u r f a c e  o f  t h e  

m e t a s e d i m e n t a r y  r o c k s  a s  t h e  s c h i s t  and p h y l l i t e  i n t e r c e p t e d  by 

C. C. IIawley and Assoc i a t e s ,  Inc. d r i l l  h o l e s  j u s t  t o  t h e  no r th  i s  

l i g h t  s i l ve ry  gray i n  color. 



I n  Segments I1 and VB t h e  main coa l  seam is underlain by a s e r i e s  of 

interbedded medium gray t o  dark brown s h a l e ,  s i l t s t o n e  and l e n s e s  of 

c o a l .  T h i s  sequence  i s  under la in  unconformably by t h e  weathered 

metasedimentary rocks, 

O v e r u n n  Sediments:  The coa l  is immediately over la in  by dark brown 

t o  medium g ray  o c c a s i o n a l l y  l i g h t  colored sha l e  and s i l t s t o n e ,  This 

un i t  i s  l o c a l l y  carbonaceous, contains  very  l i t t l e  sand o r  c l a y ,  and 

i s  g e n e r a l l y  f r o z e n  w i t h  occas iona l  i c e  l enses ,  To the  north these 

s t r a t a  e x h i b i t  p e n c i l  c l e a v a g e ,  T h i s  s e q u e n c e  i s  o v e r l a i n  by 

u n c o n s o l i d a t e d  s u r f i c i a l  d e p o s i t s  o f  f r o z e n  s i l t  and l o e s s  which 

var ies  from 10 t o  30 f e e t  i n  thickness. Local i c e  wedges occur t o  50 

..,3et i n  thickness. 

Tn Segment VA and VB s t a r t i n g  with DH-7-83 and continuing t o  the north 

thci-2 is a u n i t  i n  contact  with the roof of the  c o a l  seam and l a b e l e d  

02 P l a t e  2 a s  "roof c l ayN.  Although t h i s  u n i t  does no t  appear  t o  

conhain a g r e a t e r  amount of clay than the  s h a l e - s i l t s t o n e  sequence it 

is  l a b e l e d  as roof c l a y  because of t h e  h i g h e r  gamma response which 

i d e n t i f i e s  it on the  geophysical logs, 

X u :  As ment ioned  above, t h e  Chicago Creek c o a l  seam is a 

l o c a l l y  t h i c k  bed ranked as  l ign i te .  Measurements of the  bed taken by 

Henshaw i n  1908 ind ica t e  a true bed t h i c k n e s s  of  88 f e e t  and 85 f e e t  



a t  two l o c a t i o n s  i n  t h e  o l d  mine workings. T h i s  s e c t i o n  i n c l u d e d  some 

m i n o r ,  v e r y  t h i n  p a r t i n g s  of bone and s a n d y  s h a l e ;  however,  t h i s  

maximum t h i c k n e s s  a n d  l a c k  of s i g n i f i c a n t  p a r t i n g s  d o e s  n o t  o c c u r  

e x t e n s i v e l y  a l o n g  s t r i k e .  Henshaw a l s o  o b s e r v e d  t h a t  t h e  c o a l  was 

f r o z e n  and  much of it t e n d s  t o  c r u m b l e  a n d  r e d u c e  t o  f i n e s  when 

removed f rom t h e  mine and thawed. Other workers have o f t e n  noted t h a t  

t h e  seam is h i g h l y  f r a c t u r e d .  Stevens observed a  w e l l  deve loped  f a c e  

and b u t t  c l e a t  p a t t e r n  i n  c o r e  samples from the 1982 inves t iga t ion .  

The c o a l  r e s e r v e s  a r e  c o n t a i n e d  i n  a  s i n g l e  seam which  h a s  a  known 

s t r i k e  l e n g t h  of ap rox ima te ly  8,000 feet. The seam is t runca t ed  j u s t  

s o u t h  o f  C h i c a g o  C r e e k  by a  p r o b a b l e  e a s t - w e s t  t r e n d i n g ' f a u l t  

( S t e v e n s ,  1982) .  Nor th  o f  t h i s ,  i n  Segment  I t h e  seam reaches its 

maximum th ickness .  T h i s  i s  the  genera l  area of t h e  o ld  mine workings ,  

The mine a d i t  e n t e r e d  t h e  seam on t h e  south  side o f  Chicago Creek and 

t h e  workings were developed t o  t he  south. 

A n o r t h - s o u t h  l o n g i t u d i n a l  s e c t i o n  of  the p r o j e c t  a r e a  is presented on 

P l a t e  2. It should  be  noted t h a t  t h i s  is  an " i d e a l i z e d *  c r o s s - s e c t i o n  

a s  t h e r e  a r e  some i n c o n s i s t e n c i e s  when p r o j e c t i n g  d a t a  from h o l e s  

which do n o t  l i e  i n  t h e  plane of sec t ion .  



I n  Segment 11, the seam begins t o  s p l i t  i n t o  severa l  benches separated 

by c lay  partings, Progressively t o  the  north # the  benches t h i n  and the  

p a r t i n g s  i n c r e a s e  i n  s i z e  and number, the  bed becoming d i r t i e r  un t i l  

it e s s e n t i a l l y  p inches  ou t ,  I n  Segment I11 be tween  DH-11-82 and 

DH-13-82 t h e r e  a r e  no c o a l  beds; however, t he re  a r e  occasional zones 

w i th  numerous c o a l  f r agmen t s .  To t h e  n o r t h  i n  t h e  v i c i n i t y  of 

DH-13-82 s e v e r a l  very t h i n  coa l  seams began t o  show up interbedded 

with sand, s i l t  and clay,  Apparently, Segment 111 r e p r e s e n t s  an a r ea  

o f  r e l a t i v e  high energy o r  a l l u v i a l  d e p o s i t i o n  d u r i n g  t h e  time of 

adjacent  coal deposit ion,  probably a smal l  s l u g g i s h  s t r e a m  ( s t i p p l e d  

a rea- -P la te  2--DH-3-83), P a r t i n g s  extending i n t o  t h e  seam from t h i s  

a r e a  a r e  probably overbank d e p o s i t s  of s i l t ,  c l a y  and  minor  sand 

d u r i n g  f lood  e x c u r s i o n s  of the  stream out of its t r a d i t i o n a l  channel, 

T h i s  does no t  appear  t o  b e  a washout i n  t h e  s e n s e  o f  a p o s t - c o a l  

d e p o s i t i o n  e r o s i o n a l  phenomenon, a s  t h e  main seam t h i n s  and s p l i t s  

from both the north and south i n t o  t h i s  locale. 

Beginning wi th  DH-13-82 i n  Segment N the  coal  progressively thickens 

t o  t h e  no r th  wi th  an average th i ckness  of 28 f e e t ,  I n  Segment V A ,  

however, DH-9-82 intercepted only 5 f e e t  of coal. It appears t h a t  the  

seam has thinned i n  t h i s  a r e a  but a very l i k e l y  e x p l a n a t i o n  i s  t h a t  



t h e  d r i l l  h o l e  h a s  i n t e r c e p t e d  t h e  e a s t e r n  f r i n g e  o f  t h e  subcrop.  

S ince .  t h e  seam d i p s  45 degrees t o  t h e  west i n  t h i s  a rea ,  a s  one moves 

eastward across  the angular  unconformity between t h e  subc ropp ing  coa l  

and  t h e  s u r f i c i a l  d e p o s i t s ,  t h e  c o n v e r g e n c e  o f  t h e  r e l a t i v e l y  

hor izon ta l  erosion s u r f a c e  and t h e  45 deg ree  b a s e  o f  t h e  seam would 

p r e s e n t  a p r o g r e s s i v e l y  th inning coal  in tercept .  Moving t o  t he  north 

th rough  Segments V A  a n d  VB t h e  seam a v e r a g e s  a b o u t  30 f e e t  i n  

thickness. 

Although DH-14-83 d i d  n o t  i n t e r c e p t  coa l  (stopped a t  198 feet due t o  

mechanical  d i f f i c u l t i e s )  d r i l l i n g  c e a s e d  i n  t h e  s h a l e - s  il t s t o n e  

s e q u e n c e  which o v e r l i e s  t h e  c o a l  t o  t h e  south .  Log c o r r e l a t i o n s  

through t h i s  sequence i n d i c a t e  t h a t  t he  top  of t h e  bed would probably  

have  been i n t e r c e p t e d  a t  220 f e e t .  There  i s  no i nd i ca t i on  t h a t  t he  

seam does not continue t o  the  north. 

Gene ra l l y  t h e  c o a l  b e a r i n g  s t r a t a  d i p  s t e e p l y  t o  t h e  west and 

s t r i k e  t o  the  north. In  the  area  of the  o ld  mine workings (Segment I) 

v a r i o u s  w o r k e r s  have  c i t e d  d i p s  t h a t  r ange  from 53 d e g r e e s  t o  72 

degrees t o  t h e  west.  Th i s  d i s c r epancy  i n  a n g l e s  cou ld  p o s s i b l y  b e  

e x p l a i n e d  by t h e  f a c t  t h a t  l o c a l l y  t h e  d i p  o f  t h e  bed a p p e a r s  t o  

progress ively  f l a t t e n  from t o p  t o  bottom i n  t h e  bed. Through co re  



d r i l l i n g  i n  1 9 8 2  S t e v e n s  f o u n d  t h a t  t h e  d i p  f l a t t e n e d  from 

a p p r o x i m a t e l y  70  d e g r e e s  i n  t h e  u p p e r  p a r t  o f  t h e  u n i t  t o  

approximately 50 degrees i n  the  lower p a r t  of the unit,  

North of t h e  o ld  m i n e  workings t h e  d i p  appea r s  t o  be u n i f o r m  

throughout  t h e  bed and l e s s  s t e e p  than  t h e  upper p a r t  i n  Segpent I. 

I n  Segment I V  i t  has  f l a t t e n e d  t o  approximately  50 d e g r e e s  and i n  

Segment VB it f l a t t e n s  t o  45 degrees, 

As mentioned above, t h e  s t r i k e  of t h e  seam is general ly  north. 

I n  Segment I the  bed s t r i k e s  N 6 deg rees  W (S tevens ,  19821, To t h e  

n o r t h  through Segment V A  t h e  s t r i k e  g e n e r a l l y  swings c l o s e r  t o  due 

no r th ,  I n  Segment VB between DH-10-83 and DH-11-83 t h e r e  i s  a  

p ronounced  s t r i k e  change  t o  approximately  N 14  d e g r e e s  E, T h i s  

.. phenomenon is probably t h e  r e s u l t  of  a  low ang le  eas t -wes t  t r e n d i n g  

. . a n t i  c l i n a l  fold .  T h i s  change i n  s t r i k e  and the  general  t rend of t he  

- bed is re f lec ted  i n  the magnetic anomal ies  found i n  t h e  geophys ica l  

survey ( P l a t e  4 ) .  

G e n e r a l l y  t h e  s t r u c t u r a l  elements a t  Ch icago  C r e e k  t r e n d  

north-south.  This  i s  probably a  r e s u l t  of t h e  e a s t w a r d  d i r e c t e d  

compres s iona l  f o r c e s  which were a c t i v e  on a  r e g i o n a l  s c a l e  dur ing  

T e r t i a r y  time. I t  i s  s p e c u l a t e d  t h a t  t h i s  compression e v e n t u a l l y  

w a r p e d  t h e  s t r a t a  a t  Ch icago  Creek  i n t o  n o r t h - s o u t h  t r e n d i n g  



a n t i c l i n a l l s y n c l i n a l  f o l d s  (Figures  2 and 3 ) .  Continued compress ion 

may h a v e  r e s u l t e d  i n  t h r u s t  f a u l t i n g  i n  t h e  l o c a l  a r e a ,  a s  

diagrammatically shown i n  Segments IV and V of Figure 3. 

To t h e  west t h e  coal  bearing s t r a t a  a r e  i n  contac t  with sch i s tose  

metasedimentary rocks  s i m i l a r  t o  t h o s e  i n  t h e  c o r e  of  t h e  proposed 

a n t i c l i n e .  T h i s  may be t h e  r e s u l t  of  a  t h r u s t  f a u l t  a s  shown i n  

Figure  3. S i m i l a r  t h r u s t i n g  of P a l e o z o i c  s t r a t a  o n t o  Mesozoic h a s  

o c c u r r e d  a t  Cape L i s b u r n e  t o  t h e  n o r t h  i n  t h e  Lisburne-Seward 

s t r u c t u r a l  trend. 

Although a  r e l a t i v e l y  l i m i t e d  po r t i on  of the  Chicago Creek coal  

measure has  been studied ( p a r t i c u l a r l y  t o  t h e  e a s t  and w e s t ) ,  it can  

be  s p e c u l a t e d  t h a t  t h e  environment of  d e p o s i t i o n  was f l u v i a l ,  upper 

d e l t a  p l a i n ,  p o s s i b l y  t r a n s i t i o n a l  t o  l o w e r  d e l t a  p l a i n .  T h i s  

env i ronment  is c h a r a c t e r i z e d  by l oca l l y  t h i ck  coal  which is l a t e r a l l y  

d iscont inuous  i n  t h e  upper d e l t a  environment  p r o g r e s s i n g  t o  t h i n n e r  

but  more widespread coa l s  i n  t h e  lower d e l t a  plain. 

B e c a u s e  t h e  s h a l l o w e r  p a r t s  o f  t h e  b e d  a r e  e s s e n t i a l l y  

s t r u c t u r a l l y  b o u n d e d ,  much more i s  known a b o u t  t h e  o r i g i n a l  

environment from north t o  south than from e a s t  t o  west. 
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I n  t h e  c e n t r a l  p a r t  of t h e  p r o j e c t  a r e a  between DH-3-83 and 

DH-10-83 (Segments I V  and V A )  t h e r e  is  a  r e s i d u a l  t o p o g r a p h i c  h i g h  of 

bas.ement r o c k  i n d i c a t e d  by t h e  d r i l l  h o l e  d a t a  ( P l a t e  2) .  During t h e  

time t h a t  t h e  e a r l i e s t  and s t r a t i g r a p h i c a l l y  l o w e s t  p a r t  o f  t h e  

Chicago  Creek  seam was b e i n g  d e p o s i t e d  i n  Segment I t h e  a r e a  t o  t h e  

n o r t h  i n  Segments  I V  and V A  was d o m i n a t e d  b y  t h i s  u p l a n d .  T h i s  

h i g h l a n d  i s  t h e  p r o b a b l e  s o u r c e  o f  some of t h e  d e t r i t u s  depos i ted  on 

i ts f l a n k s  t o  t h e  n o r t h  and s o u t h ,  p r o b a b l y  p r o v i d e d  some o f  t h e  

d r a i n a g e  energy  and sediment f o r  t h e  f l u v i a l  d e p o s i t i o n  i n  Segment 111 

and g e n e r a l l y  made c o n d i t i o n s  i n h o s p i t a b l e  f o r  p l a n t  g r o w t h  ( o r  

p r e s e r v a t i o n )  and subsequent coa l  d e p o s i t i o n  i n  t h e  immediate area .  

North of t h i s  upland environment t h e r e  a p p e a r s  t o  b e  t h e  e d g e  o f  

a n o t h e r  s h a l l o w  b a s i n  w i t h  a  h i n t  o f  i n c r e a s i n g  c o a l  c o n t e n t  i n  

s t r a t i g r a p h i c  i n t e r v a l  below t h e  main seam ( a p p a r e n t  on g e o p h y s i c a l  

l o g s  f o r  DH-11, DH-12 and DH-13-83). I f  t h i s  bas in  he ld  t h e  s t a b l e  

long  l i v e d  ( e s t ima ted  t o  have been 13 ,000  y e a r s  f rom seam t h i c k n e s s )  

c o a l  f o r m i n g  e n v i r o n m e n t  e x h i b i t e d  t o  t h e  s o u t h  i n  Segment I, then  

t h e r e  is p o t e n t i a l  h e r e  f o r  s i m i l a r l y  t h i c k  c o a l  depos i t ion .  

The u p l a n d  a r e a  was e v e n t u a l l y  subdued through e ros ion  and bas in  

f i l l i n g  t o  a  more q u i e s c e n t  e n v i r o n m e n t  and  s u b s e q u e n t  c o a l  f o r m i n g  

p l a n t  g rowth  p r o g r e s s e d  t h r o u g h o u t  t h e  c e n t r a l  and nor thern  p a r t s  of 

t h e  p r o j e c t  a rea .  



Resource Es t ima t ion  

Combining t h e  r e s u l t s  of t h e  1982 and 1983 d r i l l i n g  programs,  a n  

e s t i m a t i o n  o f  t h e  i d e n t i f i e d  c o a l  r e s o u r c e  a t  C h i c a g o  Creek can be 

made, The term n re sourcen  is  used here r a t h e r  t h a n  n r e s e r v e n ,  a s  it 

i s  y e t  t o  b e  shown t h a t  t h e  t h e  d e p o s i t  i s  economical ly  v i a b l e  ( s e e  

Table  1  f o r  d e f i n i t i o n  of t e r m s ) .  F u r t h e r m o r e ,  i n  c o n s i d e r a t i o n  o f  

t h e  q u a l i t y  and q u a n t i t y  of informat ion a v a i l a b l e  from a def ined  a r e a  

a t  Chicago  Creek ,  t h e  t e r m  l t d e m o n s t r a t e d n  seems a n  a p p r o p r i a t e  

m o d i f i e r  o f  nresourcel l .  By d e f i n i t i o n ,  demonstrated resources  i n c l u d e  

b o t h  measu red  and  i n d i c a t e d  r e s o u r c e s .  A t  C h i c a g o  Creek g e o l o g i c  

i n f o r m a t i o n  is b e s t  a t  t h e  southern end o f  t h e  d e p o s i t  ad j acen t  t o  the 

f o r m e r  mine ,  whe re  a  p o r t i o n  o f  t h e  r e s o u r c e  may b e  c o n s i d e r e d  

measured.  The c e n t r a l  and n o r t h e r n  p o r t i o n s  a r e  d e l i n e a t e d  by d r i l l  

h o l e  in format ion  only and should be c a t e g o r i z e d  a s  i nd ica t ed .  

Demons t r a t ed  r e s o u r c e s  were  c a l c u l a t e d  f o r  e a c h  of Segments I 

through VB ( P l a t e  1) .  These segments, a s  d i s c u s s e d  p r e v i o u s l y ,  were 

d e f i n e d  s o  t h a t  each one i s  r e l a t i v e l y  c o n s i s t e n t  i n  bed thickness .  A 

mineable s t r i k e  l e n g t h  was determined f o r  e a c h  s e g m e n t ;  t h i s  l e n g t h ,  

which was n o t  n e c e s s a r i l y  t h e  same a s  t h e  t o t a l  l e n g t h  o f  t he  segment, 

was i n t e r p r e t e d  from a l l  s u b s u r f a c e  i n f o r m a t i o n .  F i n a l l y ,  a  d i p  

l e n g t h  was c a l c u l a t e d  f o r  loo-, 200- and 300-foot mining depths. The 

depths  were based on v e r t i c a l  d i s t a n c e  below t h e  subsu r face  outcrop,  



TABLE 1 

Reserve 

Iden- 
Coal 

Resources 

P a r t i a l  L i s t i n g  of 1980 U, S, Geologica l  Survey 
Coal Resource D e f i n i t i o n s  

A v i r g i n  o r  a c c e s s e d  p a r t  o f  a  r e s e r v e  base  which 
could be e c o n o m i c a l l y  e x t r a c t e d  o r  p roduced  a t  t h e  
t ime  o f  d e t e r m i n a t i o n  c o n s i d e r i n g  e n v i r o n m e n t a l ,  
l e g a l  a n d  t e c h n o l o g i c  c o n s t r a i n t s .  T h e  t e r m  
" r e s e r v e n  does no t  s i g n i f y  t h a t  e x t r a c t i o n  f a c i l i t i e s  
a r e  i n  p l ace  and opera t ive .  nRese rvesn  i n c l u d e  o n l y  
r e c o v e r a b l e  c o a l ;  t h u s ,  terms s u c h  a s  " e x t r a c t a b l e  
' r e se rvesn  and " r e c o v e r a b l e  r e s e r v e s n  a r e  r e d u n d a n t  
and a r e  no t  a  p a r t  of t h i s  c l a s s i f i c a t i o n  system. 

A n a t u r a l l y  o c c u r r i n g  v i r g i n  o r  a c c e s s e d  
c o n c e n t r a t i o n  o r  d e p o s i t  o f  c o a l  i n  t h e  e a r t h ' s  c r u s t  
i n  s u c h  form and amount t h a t  economic e x t r a c t i o n  is 
c u r r e n t l y  o r  may become f e a s i b l e .  

Resources  whose l o c a t i o n ,  rank, q u a l i t y ,  and q u a n t i t y  
a r e  known o r  e s t i m a t e d  f rom s p e c i f i c  g e o l o g i c  
e v i d e n c e .  I d e n t i f i e d  c o a l  r e s o u r c e s  i n c l u d e  
economic ,  m a r g i n a l l y  e c o n o m i c ,  a n d  s u b e c o n o m i c  
components .  To r e f l e c t  v a r y i n g  degrees  of  geo logic  
c e r t a i n t y ,  t h e s e  e c o n o m i c  s u b d i v i s i o n s  c a n  b e  
s u b d i v i d e d  i n t o  d e m o n s t r a t e d ,  measu red ,  i nd i ca t ed ,  
and i n f e r r e d .  

Demonstrated 
Resource A term f o r  t h e  sum o f  a c c e s s e d  a n d  v i r g i n  c o a l  

c l a s s i f i e d  a s  measured  a n d  i n d i c a t e d  r e s o u r c e s .  
T h e s e  r e s o u r c e s  a r e  d i v i s i b l e  o n  t h e  b a s i s  o f  
economics and c r i t e r i a  of  dep th ,  t h i c k n e s s ,  rank ,  and 
d i s t a n c e  f r o m  p o i n t s  o f  measurement  i n t o  r e s e r v e  
base ,  r e s e r v e s ,  m a r g i n a l  r e s e r v e s ,  and subeconomic 
resources .  

(Continued) 



TABLE 1 
(Continued) 

Measured 
Resource 

m a t e d  
Besource 

'i 

A c a t e g o r y  o f  a c c e s s e d  and  v i r g i n  demonstrated c o a l  
r e s o u r c e s  having  a high degree  o f  g e o l o g i c  a s su rance .  
E s t i m a t e s  o f  q u a n t i t y  a r e  c o m p u t e d  p a r t l y  from 
dimensions r evea l ed  i n  ou tc rops ,  t r e n c h e s ,  work ings ,  
a n d  d r i l l  h o l e s  and p a r t l y  by p r o j e c t i o n  of  da ta  n o t  
e x c e e d i n g  a s p e c i f i e d  d i s t a n c e .  T h e  s i t e s  f o r  
i n s p e c t i o n ,  sampling and wel l -def ined  measurement a r e  
s o  c l o s e l y  s p a c e d  and t h e  g e o l o g i c  c h a r a c t e r  i s  s o  
we l l  d e f i n e d  t h a t  t h e  s i z e ,  s h a p e ,  and  d e p t h  of 
r e s o u r c e  b o d i e s  a r e  well  e s t a b l i s h e d .  However, a 
' s i n g l e  measurement  can  be  u s e d  t o  c l a s s i f y  nea rby  
c o a l  a s  measured, 

A c a t e g o r y  o f  v i r g i n  demonstrated r e s o u r c e s  having a 
moderate  deg ree  of geologic  a s s u r a n c e ,  E s t i m a t e s  o f  
q u a n t i t y ,  t h i c k n e s s ,  a n d  e x t e n t  a r e  computed by 
p r o j e c t i o n  o f  t h i c k n e s s ,  s ample ,  and  g e o l o g i c  d a t a  
f r o m  n e a r b y  o u t c r o p s ,  t r e n c h e s ,  workings,  and d r i l l  
h o l e s  f o r  a s p e c i f i e d  d i s t a n c e  beyond c o a l  c l a s s e d  a s  
measured .  The a s s u r a n c e ,  a l t h o u g h  l o w e r  than t h a t  
f o r  measu red  r e s o u r c e s ,  i s  h i g h  e n o u g h  t o  a s s u m e  
c o n t i n u i t y  between p o i n t s  o f  obse rva t ion .  There a r e  
no sample, measurement, o r  i n s p e c t i o n  s i t e s  i n  a r e a s  
o f  i n d i c a t e d  coa l ,  

m . u  
muL!2e A c a t e g o r y  o f  v i r g i n  i d e n t i f e d  bod ie s  of c o a l  having 

- a low d e g r e e  o f  g e o l o g i c  a s s u r a n c e .  E s t i m a t e s  of 
q u a n t i t y ,  q u a l i t y ,  t h i c k n e s s  and e x t e n t  a r e  based on 

. . i n f e r r e d  c o n t i n u i t y  beyond m e a s u r e d  a n d  i n d i c a t e d  
r e s o u r c e s  f o r  w h i c h  t h e r e  i s  g e o l o g i c  e v i d e n c e ,  

. : .. E s t i m a t e s  a r e  computed by p r o j e c t i o n  o f  t h i c k n e s s ,  
. .  . ... 
. 2. 

s a m p l e ,  a n d  g e o l o g i c  d a t a  f rom d i s t a n t  o u t c r o p s ,  
t r e n c h e s ,  workings, and d r i l l  h o l e s  f o r  a s p e c i f i e d  
d i s t a n c e  beyond c o a l  c l a s s e d  a s  i n d i c a t e d .  There a r e  
no sample, measurement, o r  i n s p e c t i o n  s i t e s  i n  a r e a s  
of  i n f e r r e d  coal .  

(Continued) 



TABLE 1 
( Continued) 

H v ~ o t h e u  
Resources Undiscovered  c o a l  resources  t h a t  a r e  s i m i l a r  t o  known 

c o a l  d e p o s i t s  and t h a t  may be  r e a s o n a b l y  e x p e c t e d  t o  
e x i s t  i n  t h e  s a m e  c o a l  f i e l d  o r  r e g i o n  u n d e r  
a n a l o g o u s  g e o l o g i c  c o n d i t i o n s .  I n  g e n e r a l ,  
h y p o t h e t i c a l  r e s o u r c e s  a r e  i n  t h e  c e n t r a l  p a r t s  of 
broad a r e a s  of c o a l  f i e l d s  where p o i n t s  o f  s a m p l i n g ,  
measu remen t ,  and i n s p e c t i o n  a r e  a b s e n t  and evidence 
f o r  t h i c k n e s s  and e x i s t e n c e  i s  from d i s t a n t  o u t c r o p s ,  
m i n e  w o r k i n g s ,  d r i l l  h o l e s ,  a n d  w e l l s .  I f  
e x p l o r a t i o n  by g e o l o g i c  m a p p i n g ,  g e o p h y s i c a l  
s u r v e y i n g ,  and d r i l l i n g  conf i rms  their e x i s t e n c e  and 
r e v e a l s  enough  i n f o r m a t i o n  a b o u t  t h e i r  q u a l i t y ,  
q u a n t i t y ,  a n d  r a n k ,  t h e y  w i l l  b e  r e c l a s s i f i e d  a s  
i d e n t i f i e d  resources .  

Coal resource  c l a s s i f i c a t i o n  system (U. S. Bureau o f  Mines and U. S. 
Geologica l  Survey, 1976) 
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b e n e a t h  t h e  Q u a t e r n a r y  l o e s s  c o v e r .  A d e n s i t y  of 80 l b s . / f t 3  was 

assumed f o r  l i g n i t e  from s t a n d a r d  t a b l e s .  The  r e s u l t s  o f  t h e s e  

c a l c u l a t i o n s  a r e  shown i n  T a b l e  2. The t o t a l  demonstrated r e sou rce  

c u r r e n t l y  def ined  f o r  t h e  Chicago Creek  d e p o s i t  i s  3.4 m i l l i o n  s h o r t  

tons .  

I n f e r r e d  r e s o u r c e s  f rom r e a s o n a b l e  ex t ens ions  o f f  the nor th  end 

of t h e  d e p o s i t  and the  probable  c o n t i n u i t y  of coa l  beds i n  Segmen t s  I V  

a n d  V c o u l d  add an a d d i t i o n a l  I m i l l i o n  tons .  Magnetometer s u r v e y s  

performed during s u r f a c e  g e o p h y s i c s  (Appendix A )  s u g g e s t  t h i s  t o  b e  

t h e  c a s e .  F u r t h e r  s u r v e y s  t o  t h e  n o r t h  may v e r i f y  t h e s e .  a n d  

a d d i t i o n a l  i n f e r r e d  resources .  

: H y p o t h e t i c a l  r e s o u r c e s  i n  t h e  Ch icago  Creek  a r e a  could  be very  

su: . , s tant ia l .  The con t inua t ion  o f  t h e  c o a l  bed s o u t h  o f  t h e  p r o b a b l e  

. - f a u l t  i s  l i k e l y  c o n s i d e r i n g  o t h e r  known occurrences  on s t r i k e  t o  t h e  

h The n o r t h  e x t e n t  o f  t h e  bed  i s  a l s o  open a t  t h i s  time. I n  

a d d i t i o n ,  it is  q u i t e  p o s s i b l e  t h a t  s t i l l  o t h e r  beds l a y  undiscovered.  

H y p o t h e t i c a l  r e s e r v e s  c o u l d  b e  e a s i l y  10-20 t i m e s  t h e  s i z e  o f  t h e  

e x i s t i n g  demonstrated resource .  



TABLE 2 

. .  Coal Resource Estimation 
. . 

I l MINEABLE l I I I 1 I 
i HOLE i STRIKE IAVE, BED I DENSITY I PREVIOUSLY I MINING I DIP I DEMONSTROTED 

 SEGMENT^ NO. I LENGTH ITHICKNESSI FACTOR IMINED (TONS) IDEPTH (FTIILENGTH (FT)ICOAL RESOURCE (SHORT TONS) 
f I (FT) I (FT) I I I I 1 

1 I I I I I I I 
I 

1 6-82 1 I I I 1 100 I 141 I 124,080 
I t  I1 15-83 11,100 1 20 I I NONE 1 200 I 283 I 

I 
249,040 

1 6-83 I I I I 1 300 i 424 i 373,120 
111-82 1 I I I I 
1 I i I I I I I 
110-82 1 I I I I I I 

111 113-82 1 NONE I NONE I II 1 NONE I I 1 
11,2,3 1 I I I I I I 1 -83 I I I I I I - - 
I I I I I I I 
I 7-82 I I I I I 100 I 141 

11 
189,500 

I V  18-82 11,200 1 28 I 1 NONE I 200 1 283 1 
I 

380,350 
I I I I I I 300 I 424 I 569,850 
I I I I I I I I 

1 I 7-83 I I I I 100 I 141 i 11 
I 
I 

21 9,960 
V A I 8-83 1 1,000 39 I NONE 200 1 283 i 441,480 

I 
I I I I I 300 I 42 4 661,440 
I I I I I I I I 
I 9-83 I I I I I 100 I 141 I 259,440 

I1 V B  I thru 12,300 1 20 I 1 NONE I 200 1 283 1 520,720 
I 14-83 I I I I I 300 I 42 4 I 780,160 
I I 1 I I I I I 

I I I I I I 100 1 141 i 1,140,000 
TOTAL 16,300 1 N/A I N /A  I N/ A I 200 1 283 2,288,900 I 

ALL SEGMENTS I I I I 300 1 42 4 1 3,429,000 I 

* U. S. G. S. Definition, 1980; Includes both Measured and Indicated Resources 



Prel iminary Mine Plan and F e a s i b i l i t y  

P r e l i m i n a r y  mine p l a n n i n g  must  c o n s i d e r  n o t  on ly  t h e  s i z e  and 

c h a r a c t e r  of  t h e  depos i t ,  but a l s o  p o t e n t i a l  m a r k e t s ,  t h e i r  l o c a t i o n ,  

and  t h e  p r i c e  t h a t  can  be  commanded t h e r e .  The prev ious  d i s c u s s i o n s  

have d e f i n e d  t h e  c h a r a c t e r  and s i z e  of  t h e  Chicago Creek d e p o s i t ,  b u t  

n o t h i n g  a b o u t  demand f o r  t h i s  coal .  Q u i t e  a  b i t  of s tudy has  been done 

on t h i s  s u b j e c t  i n  t h e  l a s t  few y e a r s ,  a n d  t h e  r e s u l t s  o f  t h o s e  

s t u d i e s  a r e  summarized i n  t h e  fo l lowing  d i s c u s s i o n :  

Market D e m a n d  

I t  is  p e r h a p s  o b v i o u s  t h a t  a  l i g n i t i c  c o a l  such a s  t h a t  found a t  

Chicago Creek w i l l  not  be  c o m p e t i t i v e  i f  t r a n s p o r t e d  o u t s i d e  o f  t h e  

l o c a l  communi t i e s ,  s o  t h e  p r i n c i p a l  c o n c e r n s  w i l l  be :  1) Is t h e r e  

t r u l y  a  l o c a l  market? 2)  What o t h e r  a l t e r n a t i v e  e n e r g y  s o u r c e s  c a n  

Ko tzebue  and nearby communities r e l y  on, and a t  what c o s t ?  3 )  What is 

t h e  t o t a l  energy demand and how much c o a l  might be  needed t o  d i s p l a c e  

it? Answers t o  t h e s e  ques t ions  have been at tempted by a t  l e a s t  t h r e e  

r e p o r t s  over  t h e  p a s t  f o u r  yea r s ,  a l l  funded by Alaska Power A u t h o r i t y  

(see R. W. R e t h e r f o r d  & A s s o c i a t e s ,  1 9 8 0 ;  Dames and Moore, Resource 

A s s o c i a t e s  of  Alaska, 1980;  and A r c t i c  S l o p e  T e c h n i c a l  S e r v i c e s  and  

o t h e r s ,  1982) .  The l a t e s t  r e p o r t ,  by Arctic Slope Technica l  S e r v i c e s  



and its a s s o c i a t e s  (ASTS), i s  t h e  mos t  c u r r e n t  and a l s o  summar izes  

p a r t s  of t h e  o t h e r  two repor t s .  

I n  b r i e f ,  t h e  r e p o r t  c o m p a r e d  s e v e r a l  methods o f  p r o v i d i n g  

e l e c t r i c i t y  and h e a t  t o  Kotzebue f o r  t h e  n e x t  20 y e a r s .  I m p o r t a n t  

f i n d i n g s  r ega rd ing  t h i s  d i scuss ion  were: 

1 ) Coal-f i red cogenera t ion  ( b o t h  e l e c t r i c  power and 
s p a c e  h e a t i n g  from t h e  w a s t e  h e a t )  was found t o  be 
economically compet i t ive  a g a i n s t  d i e s e l ,  hydropower,  
geo the rma l  and wind. Furthermore, any c o a l  de l ive red  
t o  Kotzebue c o s t i n g  $ 6 / m i l l i o n  B t u t s  o r  l e s s  would 
p r o b a b l y  become t h e  l e a s t  expensive f u e l  f o r  t h e  near  
f u t u r e .  

2 )  T o t a l  ene rgy  demand f o r  Kotzebue i s  f o r e c a s t  t o  
i n c r e a s e  about  5% per annum s o  t h a t  abou t  80,000 t o n s  
o f  Ch icago  Creek-type c o a l  w i l l  be  r e q u i r e d  by 1995. 
Table  3, from t h e  ASTS, 1982 r e p o r t ,  shows demand f o r  
v a r i o u s .  c o a l s  based  on s u p p l y i n g  d i s t r i c t  h e a t i n g  
only.  E l e c t r i c a l  demand would a d d  25 ,000  t o  30 ,000  
t o n s / y e a r .  I n c r e a s e s  i n  demand from t h e r e  on could 
r e q u i r e  a s  much a s  2.8 m i l l i o n  t o n s  o v e r  t h e  25-year 
pe r iod  fo l lowing  1990 (Table  4 ) .  

3 )  C o a l s  f rom f o u r  s e p a r a t e  a r e a s  were compared t o  
see which a p p e a r e d  t o  b e  t h e  mos t  economic:  P o i n t  
Hope, Kobuk R i v e r ,  Chicago Creek, and Nenana coals .  
T h e i r  ana lyses  showed t h e  h i g h  BTU c o a l  o f  t h e  Cape 
B e a u f o r t  a r e a  t o  be t h e  cheapes t  product.  This  l a s t  
f i n d i n g ,  however ,  i s  b a s e d  on s e v e r a l  a s s u m p t i o n s  
w h i c h  a r e  u n c e r t a i n ,  s u c h  a s  t h e  c o s t  o f  
t r a n s p o r t a t i o n  of  Poin t  Hope coal .  

I n  g e n e r a l ,  t h e n ,  a  market does seem t o  be p re sen t ,  and it would 

r e q u i r e  enough annual p r o d u c t i o n  o f  c o a l  t o  make a  min ing  o p e r a t i o n  

g e n e r a l l y  f e a s i b l e .  The p r i c e  of t h e  d e l i v e r e d  Chicago Creek c o a l  



COAL 
COAL 

year 
* From Arct ic  Slope Technical Services Report, 1982. 

** Alternat ive  B required coal f o r  a d i s t r i c t  heatinn svs tem onlv. 



TABLE 4 

Potential Demand for Coal Mined Over 25-Year Period* 

Year No. Date Tons ( X  1000) 

1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
2000 
2001 
2002 
2003 
2004 
2005 
2006 
2007 
2008 
2009 
201 0 
201 1 
201 2 
2013 
201 4 

TOTAL TONS 

Average Tons/Year = 1 1  1,000 

* Total energy demand i s  estimated to increase 5-6 percent per annum 
by Arctic Slope Technical Services, and others, 1982. Assumes 
coal-fired cogeneration displaces a l l  of th is  demand. 



would have t o  be somewhere nea r  $85/ton ($6/M B t u f s )  t o  be  c o m p e t i t i v e  

w i t h  o t h e r  c o a l s .  A comple te  f e a s i b i l i t y  s tudy  must be done before  a  

de l - ivered  c o s t  of Chicago Creek coa l  can be made. C o n s i d e r a t i o n s  w i l l  

i n c l u d e  n o t  only the v a r i o u s  mining and t r a n s p o r t i n g  methods, but a l s o  

l a n d  s t a t u s ,  e n v i r o n m e n t a l  i m p a c t ,  and o w n e r - d e v e l o p e r  f i n a n c i n g  

s t r a t e g y .  

Mine P l w  

The f o l l o w i n g  d i s c u s s i o n  w i l l  b e  l i m i t e d  t o  p o s s i b l e  mining and 

t r a n s p o r t i n g  methods .  S e v e r a l  t e c h n i q u e s  c a n  b e  u s e d  f o r  a c t u a l l y  

r e m o v i n g  t h e  c o a l ;  a l l  s t u d i e s  t o  d a t e  h a v e  assumed s u r f a c e  o r  

oper: ...p it mining w i l l  b e  t h e  most economic. Th i s  r e p o r t  makes t h e  same 

a s su r . !p t i on ;  however ,  a  more r i g o r o u s  r e v i e w  of  p o s s i b l e  underground 

mining methods i n  s t e e p l y  d ipp ing  f rozen  seams s h o u l d  b e  c a r r i e d  ou t .  

Fo r  + . n s t a n c e ,  u n d e r g r o u n d  h y d r a u l i c  methods  a r e  b e i n g  employed wi th  

s u c c c . ; ~  under c e r t a i n  c o n d i t i o n s ,  a l though e x c e s s  w a t e r  i n  p e r m a f r o s t  

c o u l t i  o b v i o u s l y  c a u s e  p r o b l e m s .  The F r e n c h  a r e  u s i n g  l o n g w a l l  

techni.';ues i n  v e r y  s t e e p l y  d ipp ing  seams t o d a y ,  and  the  c o s t  o f  t h i s  

m i n i n g  t e c h n i q u e  s h o u l d  b e  compared. The Norwegians have developed 

underground c o a l  mines  i n  permafros t  t e r r a i n s ,  and  t h e  f r o z e n  ground 

h a s  proven  t o  h a v e  some r e a l  advantages  such a s  more competent w a l l s  

and backs and very  low d u s t  problems. The i r  methods  and  c o s t s  s h o u l d  

b e  r e v i e w e d .  T h e  R u s s i a n s  p robab ly  have  t h e  mos t  e x p e r i e n c e  i n  



s i m i l a r  c o n d i t i o n s ,  and  t h e r e  a r e  a  number of R u s s i a n  p u b l i c a t f o n s  

t h a t  s h o u l d  b e  r e v i e w e d ,  Some o f  t h e s e  methods  c o u l d  p rove  more Y 

economic than open-pit ,  p a r t i c u l a r l y  i f  depths  o v e r  300 feet  a r e  t o  be 

cons idered ,  

A g e n e r a l  mine p l a n  f o r  an open-p i t  s t y l e  o f  o p e r a t i o n  shows a  

g e n e r a l  l a y o u t  o f  t h e  p i t ,  h o u s i n g  and m a i n t e n a n c e  f a c i l i t i e s ,  and 

t r a n s p o r t a k i o n  n e t w o r k  ( F i g u r e  41, Access t o  the s i te  and hau l  road 

t.3 t h e  c o a s t  is proposed t o  fo l low t h e  d r a i n a g e  o f  Wi l low Creek  down 

+i, Wil low Bay, a  t o t a l  d i s t a n c e  o f  a b o u t  n i n e  miles. T h i s  r o u t e  is 

~ s t  d i r e c t  t o  t h e  c o a s t ,  c r o s s e s  only two smal l  t r i b u t a r i e s  and  would 

fo l low a  f a i r l y  g e n t l e  g r a d i e n t  a l l  t h e  way, 

Land. s t a t u s  was  n o t  d e t e r m i n e d  f o r  t h i  s s t u d y ;  a n d ,  a l t h o u g h  

e n v i r o n m e n t a l  f a c t o r s  were considered,  environmental  s t u d i e s  have n o t  

been made, It is assumed t h a t  a  4 - foot  road  bed o f  g r a v e l  l a i d  down 

on a  p o r o u s  f a b r i c  l y i n g  d i r e c t l y  on-- t h e  t undra  would p rov ide  a  firm 

base f o r  l i g h t  summer t r a f f i c  and h e a v y  u s a g e  d u r i n g  t h e  f r o z e n  

m o n t h s .  T h i s  r o u t e  w o u l d  a l s o  p a r a l l e l  a d d i t i o n a l  i n f e r r e d  and 

h y p o t h e t i c a l  r e s o u r c e s  n o r t h  of t h e -  p i t  a r e a ,  A m a t e r i a l  s i t e  f o r  

g r a v e l  would be sought  n e a r  t h e  mouth of Willow Creek, 

D u r i n g  e a r l y  deve lopmen t ,  a  temporary camp would be  e s t a b l i s h e d  

on Willow Bay, The road and g r a v e l  p i e r  could be  c o n s t r u c t e d  a t  t he  
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sme time. Once t h e  road was completed, permanent f a c i l i t i e s  c o u l d  b e  

e s t a b l i s h e d ,  and s t r i p p i n g  of t h e  overburden a t  t h e  sou th  end of t h e  

p i t  would begin .  I n  c o n j u n c t i o n  w i t h  s e l e c t i v e  s t r i p p i n g ,  a s m a l l  

t a i l 1  n g s  dam c o u l d  be e s t a b l i s h e d  a t  t h e  mouth o f  C o n t a c t  Creek s o  

t h a t  me l t i ng  i ce - r i ch  m a t e r i a l s  could be s t o r e d  w i t h o u t  t h e  d a n g e r  of 

runaway e r o s i o n  and mudflows. 

E v e n t u a l l y ,  a s  t h e  development s t a g e  is completed, c o a l  could be 

moved t o  Willow Bay by t ruck  du r ing  win te r  months. Barges  o f  t h e  9200 

DWT c a t e g o r y  would then move an e n t i r e  y e a r ' s  c o a l  p roduct ion  du r ing  a 

s i n g l e  o p e r a t i o n .  The c o a l  would b e  s t o c k p i l e d  n e a r  t h e  power and  

h e a t i n g  p l a n t  where waste  h e a t  could be used t o  p a r t i a l l y  d r y  t h e  c o a l  

immeb.',ately p r i o r  t o  burning. 

"'he o p e n - p i t  m i n i n g  o p e r a t i o n  i t s e l f  would b e  composed o f  a 

25-mai. crew o p e r a t i n g  c a t s ,  l o a d e r s ,  20- and 35-ton t r u c k s ,  and a 

c l o s e - s p a c e d  d r i l l  and b l a s t  program. I n i t i a l l y ,  t h e  i c e - r i c h  l o e s s  

b l a n k e t  would be s t r i p p e d  back p a s t  t h e  f u t u r e  p i t  edge. The m a t e r i a l  

removed would be s t o r e d  behind the t a i l i n g s  dam. The exposed f a c e  of 

t h e  l o e s s  (10-30 f e e t  i n  h e i g h t )  would b e  i n s u l a t e d  by  s t a c k i n g  

r e l a t i v e l y  d r y  waste rock from the p i t  a g a i n s t  it. 



The p i t ' s  e a s t e r n  w a l l  would fol low t h e  dipping coa l  bed sloping 

a t  app rox ima te ly  45 d e g r e e s ,  The wes t e rn  h i g h w a l l  would  have  an  

o v e r a l l  s l o p e  of  f r om 35-40 degrees  and i n c o r p o r a t e  a s e r i e s  of 

t e r r a c e s  s u i t a b l e  f o r  climbing out  of t h e  p i t  o r  s imply  r e t u r n i n g  t o  

t h e  open ,  s o u t h e r n  end o f  t h e  p i t .  The p i t  would be des igned t o  

maintain a 50-foot working width a t  f u l l  depth and ma in t a in  g r ades  a t  

no g r e a t e r  t h a n  10-12 p e r c e n t ,  I n  t h i s  r e g a r d ,  it cou ld  prove 

e f f i c i e n t  t o  use a conveyor system, t h e  c o s t / t o n - v e r t i c a l  f o o t  be ing 

a b o u t  o n e - h a l f  t h a t  o f  t r u c k s  and w i t h  t h e  g r e a t  advan tage  of 

ascending s t e ep  slopes. 

I n  o r d e r  t o  de te rmine  s t r i p p i n g  r a t i o s ,  c r o s s - s e c t i o n s  of t he  

proposed p i t  were p lo t t ed ,  a r ea s  measured, and volumes c a l c u l a t e d  f o r  

c e r t a i n  segments (Table 5).  The southern end of  the p i t ,  with thicker 

beds and less cover, is t h e  most a t t r a c t i v e  t a r g e t  f o r  s t r i p  mining 

w i t h  an ave rage  r a t i o  o f  abou t  5.5:1. A d i v e r s i o n  of Chicago Creek 

would be necessary a t  t he  south end. 

Cos t s  o f  mining t h e  Chicago Creek c o a l s  have  been estimated i n  

previous studies.  The e s t i m a t e s  made i n  1980 by R. W e  Rether fo rd  L 

A s s o c i a t e s  were abou t  $65/ ton de l ive red  t o  Kotzebue. Estimates made 

by Arct ic  Slope Technical Services  and assoc ia ted  c o n t r a c t o r s  i n  1982 

ranged from $83 t o  $103 per  ton, depending on what was included i n  



TABLE 5 

Summary of S t r i p p i n g  Ratios 

Segments Length Mined Mining Depth S t r i p p i n g  Ratio (Yd3/Ton) 

I, 11, I11 2,400 Fto 100 Fto 
200 Fto 
300 Fto 

IV, VA, VB 5,700 Fto 100 F t .  
200 Fto 
300 F t .  



development costs. Using t h e  mine p lan  and t r a n s p o r t a t i o n  s y s t e m  j u s t  

d i s c u s s e d ,  a  c o s t  e s t i m a t i o n  was i n i t i a t e d  f o r  this r e p o r t ;  l i k e  the 

p r e v i o u s  e s t i m a t e s ,  it was  n e c e s s a r y  t o  make s e v e r a l  a s s u m p t i o n s .  

W i t h o u t  g o i n g  i n t o  t h e  d e t a i l s  o f  t h e s e  a s s u m p t i o n s ,  it became 

appa ren t  t h a t  t h e  conf idence  of  any c o s t l t o n  number g e n e r a t e d  would be  

l o w  ( p e r h a p s  o f f  by a s  much a s  5 0 % ) .  Whi le  t h e  a c t u a l  d o l l a r / t o n  

p r i c e  g e n e r a t e d  w a s  a r o u n d  $ 9 0 ,  i t  i s  i m p o r t a n t  t o  s t ress t h e  

v u l n e r a b i l i t y  o f  a l l  t h e  numbers advanced t o  da te .  The b e s t  t h a t  can 

b e  s a i d  i s  t h a t  it  i s  v e r y  p o s s i b l e  Chicago  C r e e k  c o u l d  b e  mined  

e c o n o m i c a l l y  and t h a t  more  work w i l l  need t o  be done  t o  r a i s e  t h e  

deg ree  of t h a t  confidence.  Much of  t h e  f i e l d  s i t e  work  h a s  now been 

a c c o m p l i s h e d ,  and t h e  a n a l y s i s  of Kotzebue market  demand is  complete 

.--- . c u r r e n t .  A more d e t a i l e d  mine engineer ing  a n a l y s i s  is needed. 

With t h e  a d d i t i o n a l  work,  t h e  Chicago Creek c o a l  r e s o u r c e  has a  

good chance of becoming a  r e s e r v e  i n  t he  n o t  t o o  d i s t a n t  f u t u r e .  The 

q u a l i t y  and q u a n t i t y  o f  t h e  r e sou rce  have been d e f i n e d ,  the market f o r  

the c o a l  h a s  been  s t u d i e d  c a r e f u l l y ,  a n d  t h e r e  a p p e a r  t o  b e  no  

overw;;2lming f a c t o r s  a g a i n s t  its development. Chicago Creek w i l l  have 

t o  b e  weighed a g a i n s t  o t h e r  Alaskan coa l  sources  and then  moved i n t o  a  

t r u e  mine f e a s i b i l i t y  s tudy.  



B* Kovuk 

Introduction 

The Koyuk Coal Explorat ion P r o j e c t ,  i n i t i a t e d  on September 1 ,  

1983, c o n s i s t e d  of a s u r f a c e  mapping e f f o r t  and a d r i l l i n g  program, 

Surface geologic reconnaissance mapping was done within and o u t s i d e  of 

t h e  p r o j e c t  a r e a ,  approximately 230 acres ,  located near the mouth of 

the Koyuk River. The d r i l l i n g  program c o n s i s t e d  o f  12 r o t a r y  d r i l l  

ho l e s  and one c o r e  hole ,  d r i l l e d  t o  a cumulative t o t a l  of 1,442 feet .  

The project  was completed on September 6 ,  1983, 

The Koyuk p r o j e c t  a r e a  is near  t h e  mouth of the  Koyuk River on 

t: e nor the rn  end of Norton Bay. The p o s i t i o n  o f  t h e  Koyuk a r e a  

r e l a t i v e  t o  the  other project  areas and major geographical features  is 

shown i n  Figure 1. The project  area is about one mile e a s t  of t h e  town 

of Koyuk; and is  bordered on t h e  south by the Koyuk River and t o  the 

eas t  by Coal Creek, A more deta i led regional  view of t h e  p r o j e c t  a r e a  

geography is shown i n  Figure 5. 
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Access 

Personne l  and camp equipment were t ranspor ted  t o  and from Koyuk 

on l o c a l  commercial a i r  s e r v i c e s .  The d r i l l i n g  equipment was barged 

from Nome up t h e  Koyuk River t o  a  beach adjacent  t o  t he  projec t  area, 

Nodwells and t h r e e  wheel a l l - t e r r a i n  c y c l e s  p rov ided  a c c e s s  t o  t h e  

p ro jec t  area and t o  t he  town of Koyuk. 

Historv 

The Koyuk c o a l  occu r r ence  was f i r s t  p ro spec t ed  sometime before 

1909 (Smith and Eakin, 1911). It was d u r i n g  t h i s  time t h a t  p ro spec t  

s h a f t s ,  t h e  s i tes  of  which a r e  still v i s i b l e ,  were excavated. I n  1909 

P. S. Smith and H. M. Eakin camped near  t h e  Koyuk c o a l  occur rence ;  

t h e i r  repor t  (191 1 )  notes  t h a t :  

"Seve ra l  open ings  have been made n e a r  t h e  mouth of 
t h e  Koyuk on t h e  wes te rn  s i d e  c l o s e  t o  camp B17. 
Unfo r tuna t e ly  t h e  s h a f t s  were not i n  a  condi t ion  t o  
be examined, and the  only information gained was from 
a s t u d y  o f  m a t e r i a l  on t h e  dump, a s  t h e r e  a r e  no 
e x p o s u r e s  o f  t h e  c o a l  b e a r i n g  r o c k s  i n  t h e  
neighborhood. Although l i g n i t i c  mate r ia l  was found a t  
t h i s  place,  s e v e r a l  y e a r s  of  d e s u l t o r y  p r o s p e c t i n g  
f a i l e d  t o  d i s c l o s e  a  workable bed. The s h a f t s  show a 
series of sandstones and c l a y s  which have  weathered 
b a d l y  on  t h e  dump and  a p p e a r  t o  b e  much l e s s  
consolidated than the  average sandstones near Nulato. 
I t  i s  u n d e r s t o o d  t h a t  d u r i n g  1909 t h e  company 
fo rmer ly  i n t e r e s t e d  i n  t h i s  c l a i m  a b a n d o n e d  t h e  
e n t e r p r i s e .  I n  t h i s  same region coal  f l o a t  has been 
found on Coal C r e e k  and c l a ims  have been r eco rded ,  



b u t  none of them was b e i n g  p r o s p e c t e d  i n  1909. 
Probably l i t t l e  of value was found a s  the ser ies  is  
without doubt similar t o  tha t  near camp 817." 

The amount of coa l  produced i s  no t  known. However, based on the  

s ize  of the shaf t s  and dumps it is unlikely t h a t  i t  was a s i g n i f i c a n t  

amount. Stevens (1982) ci ted  an estimated past production of 50 tons 

of coal. 

Local people have occasionally used coal f l o a t  picked up off  the 

beach f o r  heat ing.  Coal fragments a r e  found along both the  Koyuk 

River and Coal Creek. Townspeople a l s o  r e c a l l  t h a t  over t h e  yea r s  

barges lay ing  i n  the  mouth of t h e  Koyuk River have dragged up coal  

when l i f t i n g  anchors. Smith and Eakin (191 1 )  noted t h e  presence of 

t h i s  coal f l o a t  but s t a t e  that  no beds t h a t  warrant i n v e s t i g a t i o n  had 

been discovered. 

Previous Inves- 

A t ho rough  r e s e a r c h  and r e a d i n g  of previous i n v e s t i g a t i o n s  

crovided a weal th of information d e t a i l i n g  t h e  geology of both t h e  

Koyuk and Unalakleet  areas.  Many of t h e  f i n e s t  turn  of the century 

U. S. Geological  Survey g e o l o g i s t s ,  i nc lud ing  A. H. Brooks, P. SO 

Smith,  H. M. Eakin ,  a n d  G. L. H a r r i n g t o n ,  descr ibed these  coal  

occurrences. There a r e ,  however, some c o n t r a d i c t o r y  s t a t e m e n t s  

concerning t h e  Koyuk coal  found i n  these  ea r ly  pub l i ca t ions ;  t h i s  



s h o u l d  n o t  be s u r p r i s i n g  g i v e n  t h e  n a t u r e  o f  t h e  t i m e s - - p o o r  

communications, l e n g t h y  t r a v e l  t imes ,  and arduous f i e l d  conditions. 

The c o n t r a d i c t i o n s  have  been exace rba t ed  by subsequen t  l i t e r a t u r e  

r e s e a r c h  t h a t  e i t h e r  f a i l e d  t o  examine a l l  the  pub l ica t ions  ava i l ab le  

o r  mis in terpre ted  the statements  made i n  t h e  r e p o r t s  d e t a i l i n g  t h e s e  

ea r l y  inves t iga t ions .  

Smith and Eakin ( 1911 )  s t a t e  t h a t ,  t h e r e  a r e  no exposures of 

coal bear ing rocks  i n  t h e  n e i g h b o r h o ~ d . ~  I n  c o n t r a d i c t i o n  t o  t h e i r  

d e t a i l e d  r e p o r t ,  which i s  e x t e n s i v e l y  quoted above (see H i s t o r y )  ; 

Harrington (1919) wr i t e s  i n  a  r epo r t  t h a t  h a s  been f r e q u e n t l y  quo ted  

i n  r e c e n t  l i t e r a t u r e  surveys t ha t :  "Coal . . . is found near  the mouth 

of t he  Koyuk, j u s t  about a t  sea l e v e l ,  where one 4 f o o t  seam i s  s a i d  

t o  be exposed. Near by a  2 f o o t  seam, and s e v e r a l  seams of  a  few 

inches i n  width a l s o  occur.  " Har r ing ton  conc ludes  by acknowledging 

t h e  second hand n a t u r e  o f  h i s  i n fo rma t ion :  "The l o c a l i t y  on t h e  

Koyuk was not v i s i t ed ,  but it i s  sa id  t o  be a t  o r  n e a r  t i d e w a t e r ,  and 

some d i f f i c u l t y  m i g h t  b e  had  a t  t i m e s  i n  m i n i n g  on  account  of 

flooding. 

J. T. Cass (1959)  on t h e  b a s i s  of p r ev ious  work and a i r  photo 

i n t e r p r e t a t i o n  mapped a  wedge of Cretaceous sediments  2-3 m i l e s  n o r t h  

o f  t h e  Koyuk pro jec t  a rea  near t h e  headwaters of Coal Creek. Cass does 

not i d e n t i f y  any p a r t i c u l a r  c o a l  occu r r ences  found  i n  t h e  T e r t i a r y  



sediments .  The 1983 p r o j e c t  a r e a  was mapped o r i g i n a l l y  by Cass a s  

Q u a t e r n a r y  a l luv ium.  More r e c e n t  work by P a t t o n  (1973) and Hudson 

( 1  977) h a s  p l a c e d  t h e  c l o s e s t  e x t e n s i v e  e x p o s u r e s  of  C r e t a c e o u s  

sediments a t  l e a s t  20 miles north and e a s t  of  the p ro j ec t  area, 

A s  p a r t  of t h e  1982 Norton Sound Area Coal  E x p l o r a t i o n  Program, 

S t e v e n s  E x p l o r a t i o n  Management and  o t h e r s  ( 1  9 8 2 )  c o n d u c t e d  a  

reconnaissance examination of t h e  Koyuk c o a l  occur rence .  An a r e a  o f  

200 f e e t  x 100 feet  l o c a t e d  a long  t h e  Koyuk R ive r  beach was t e s t ed  

with an auger  t y p e  d r i l l .  A seam of  c o a l  measur ing 1  t o  4 f e e t  and 

con t i nuous  f o r  up t o  50 f e e t  was in tercepted .  The t h i ckes t  pa r t  of the 

seam was i n t e r cep t ed  i n  t h e  c e n t e r  o f  t h e  d r i l l i n g  p a t t e r n ;  and t h e  

seam abruptly diminished i n  thickness away from the 4 f o o t  lens.  

Regional Geology 

The c o a l  b e a r i n g  s e c t i o n  a t  Koyuk i s  p a r t  o f  a  t h i c k ,  

s t r u c t u r a l l y  complex, Cre taceous  t o  T e r t i a r y  (100-50 my) sedimentary 

sequence t h a t  i s  p r e s e r v e d  on t h e  Seward P e n i n s u l a  a s  e r o s i o n a l  

r e m n a n t s  i n  t e c t o n i c a l l y  downwarped b a s i n s  ( F i g u r e  5 1 ,  T h i s  

sedimentary sequence ,  which h o s t s  n e a r l y  a l l  t h e  Norton Sound a r e a  

c o a l  o c c u r r e n c e s ,  c o n s i s t s  of te r r igenous  and volcanogenic greywacke, 

mudstone, s a n d s t o n e ,  conglomerate ,  and c o a l  (TKs). The rocks  occur  

l o c a l l y  a s  poo r ly  indura ted  silt,  sand, and clay. These rocks, which 



i n  t h e  p a s t  h a v e  been c a l l e d  t h e  S h a k t o l i k  g r o u p  ( a  term now 

abandoned) ,  a r e  now cons ide r ed  t o  be e q u i v a l e n t  t o  t h e  K a l t a g  and 

Nulato Formations and the Ungalik Conglomerate (Pat ton,  1973). 

I n  t h e  Koyuk a r e a ,  t h e  sequence is found west of t he  Koyuk River 

a s  a  series of  t h i n  bands and wedges s e p a r a t e d  by t h i c k  a l l u v i a l  

d e p o s i t s  of Quaternary age (Qu) and e a s t  of t h e  Koyuk River a s  a  th ick  

and a r e a l l y  e x t e n s i v e  shee t .  The sequence  i s  though t  t o  c o n t i n u e  

u p r i v e r  f o r  some 30 mi les  ( H a r r i n g t o n ,  1919;  Hudson, 1977) and may 

a l s o  under l ie  the  offshore Norton bas in  (Schol l  and Hopkins, 1969). 

The c o a l  b e a r i n g  s e c t i o n  a t  Koyuk i s  bounded t o  t h e  west by 

Carboniferous or  o lder  metamorphosed sed imenta ry  rocks  (Pzlgm) . TO 

t h e  n o r t h ,  t h e s e  and other  volcanic rocks of unknown age form r o l l i n g  

h i l l s  t h a t  r i s e  above t h e  Nor ton  b a s i n .  E a s t  o f  t h e  Koyuk c o a l  

occu r r ence ,  a  th ick  blanket of Quaternary marine and a l l u v i a l  depos i t s  

forms the  Koyuk River flood pla in  (Cass, 1959; Hudson, 1977). 



P r o j e c t  Area Geology 

The Koyuk p r o j e c t  a r e a  ( P l a t e  5 )  is l o c a t e d  on a  low-rel ief  bench 

some 20-30 feet  above h igh  t i d e  l i n e ,  Holocene and Q u a t e r n a r y  d e p o s i t s  

o u t c r o p  a l o n g  the  r i v e r  and  s t r e a m  c u t  m a r g i n s  of t h i s  bench. The 

Quaternary  exposures  a r e  predomf n a n t l y  d a r k  c o l o r e d  s i l t ,  sand ,  and 

c l a y  r i c h  i n  d e c a y i n g  p e a t ,  The s o u t h  bank of t h e  Koyuk R i v e r ,  

o p p o s i t e  the p r o j e c t  a r e a ,  i s  b e i n g  a c t i v e l y  u n d e r c u t  and abundan t  

Q u a t e r n a r y  f o s s i l s ,  i n c l u d i n g  mammoth t e e t h  and t u s k s  a r e  washing out. 

The exposures  a r e  i n t e r p r e t e d  t o  b e  f l o o d  p l a i n ,  t e r r a c e ,  and beach  

d e p o s i t s .  I n f r e q u e n t  ho r i zons  o f  s h e l l  f ragments  i n d i c a t e  some per iods  

o f  marine encroachment, 

I n  a g r e e m e n t  w i th  the t u r n  o f  t h e  cen tu ry  f i e l d  work of  Smith and 

Eak in  no e x p o s u r e s  o f  c o a l  b e a r i n g  r o c k s  were f o u n d  w i t h i n  o r  

i m m e d i a t e l y  a d j a c e n t  t o  t h e  p r o j e c t  a r e a ,  The p r o s p e c t  s h a f t s  a r e  

completely  f i l l e d  and t h e  dumps a r e  only b a r e l y  r e c o g n i z a b l e  a s  t u n d r a  

c o v e r e d  mounds. E x c a v a t i o n  o f  these mounds y i e l d e d  a  mix ture  of badly 

weathered,  unconsol ida ted  sandy silt, c l ay ,  and v e r y  rare c o a l  chips.  



I n fo rma t ion  provided by Koyuk r e s i d e n t  Vernon Swanson suggested 

t ha t  an exposure of coal bearing s t r a t a  o c c u r r e d  some d i s t a n c e  n o r t h  

of t h e  p r o j e c t  a r e a  a long  Coal Creek. Two r econna i s s ance  t r averses  

were made a l o n g  Coal Creek t o  a d i s t a n c e  o f  2-3 miles no r th  of  t h e  

p r o j e c t  a r e a ,  One exposure  of u n c o n s o l i d a t e d  sands  and s i l ts  was 

t en t a t i ve ly  i d e n t i f i e d  a s  par t  of t h e  c o a l - b e a r i n g  T e r t i a r y  s e c t i o n ,  

but no coa l  seams were found, 

The subsu r f ace  geology was evaluated by examining t h e  geophysical 

logs  (Appendix B) and l i t h i c  cu t t ings  (Appendix C)  from 12 r o t a r y  b o r e  

holes-  and one c o r e  h o l e  d r i l l e d  t o  a cumulative t o t a l  of 1,442 feet, 

The loca t ion  of these  d r i l l  h o l e s  i s  shown on P l a t e  5. The d r i l l i n g  

e f f o r t  p rov ided  a d e t a i l e d  s t r a t i g r a p h i c  p i c t u r e  of the  projec t  area. 

The d r i l l i n g  p a t t e r n  was planned s o  t ha t :  

1)  The s e c t i o n  i n  t h e  v i c i n i t y  o f  t h e  abandoned 
sha f t s  and t h e  1982 d r i l l i n g  e f f o r t  was thoroughly  
evaluated. 

. . 2) The p r o j e c t  a r ea  coal p o t e n t i a l  was a s  completely 
t e s t e d  a s  possible.  

3) The a reas  with obvious mining and/or environmental 
problems (1. e., t idewater and anadromous f i s h  b e a r i n g  
w a t e r )  were no t  emphasized a t  t h e  expense of a reas  
within the  projec t  area which would be  more amenable 
t o  mining, 



Stra- 

The s t r a t i g r a p h i c  s e c t i o n  d r i l l e d  a t  Koyuk is g e n e r a l i z e d  i n  an 

i l l u s t r a t i o n  shown on P l a t e  5. The s e c t i o n  a t  Koyuk i n c l u d e s  a  25 t o  

30 f o o t  t h i c k  Holocene and Qua te rna ry  u n i t  unconformably ove r ly ing  an 

unknown t h i c k n e s s  of Cretaceous t o  T e r t i a r y  t e r r i g e n o u s  sed imen t s .  The 

H o l o c e n e  and Q u a t e r n a r y  u n i t  d e s c r i b e d  above  is  c h a r a c t e r i s t i c a l l y  

composed o f  s i l t y  c l a y  and  s a n d  r i c h  i n  o r g a n i c  c o m p o n e n t s .  I c e ,  

o c c u r r i n g  a s  a c c r e t i o n a r y  wedges and a s  i n t e r s t i t i a l  f i l l i n g  o f  void 

s p a c e  w i t h i n  t h e  Quaternary sediments ,  is common and may b e  a s  much a s  

. -70 p e r  c e n t  o f  the t o t a l  volume f o r  any 10 f o o t  d r i l l  h o l e  i n t e r v a l .  

T h e  c o n t a c t  o f  t h e  Q u a t e r n a r y  a n d  t h e  o l d e r  c o a l - b e a r i n g  

s e d i m e n t s  i s  a n  a n g u l a r  u n c o n f o r m i t y .  The l o w e s t  Q u a t e r n a r y  bed 

c o n t a i n s  l i g h t  g r e e n  s i l t y  s a n d  a n d  c l a y s  wi th  a b u n d a n t  s h e l l  

f r a g m e n t s .  The s h e l l  f ragments ,  p r i m a r i l y  1-4 inch  d i ame te r  pelecypods 

and r a r e  s m a l l e r  gastropods,  a r e  thought  t o  be  m a r i n e  i n  n a t u r e .  T h i s  

c o n t a c t  is i n f e r r e d  t o  r e p r e s e n t  a  marine t r a n s g r e s s i v e  event .  

Samples of t h e  Cretaceous t o  T e r t i a r y  s e c t i o n  a t  Koyuk r e v e a l e d  a  

s e c t i o n  r i c h  i n  g r a y  c o l o r e d  s i l ts  w i t h  r a r e  t h i n  c o a l  lenses .  The 

s e c t i o n  was well represen ted  by c o r e  h o l e  DH-K13-83 which y i e l d e d  t h i n  



( 1/2-6 inch)  low a n g l e  c r o s s  bedded, unconsolidated silts, and sands 

with frequent t h i n  laminations of silty clay ,  L i g n i t i c  fragments and 

r a r e  c o a l  c h i p s  occu r r ed  i n  horizons d i s t r i b u t e d  throughout the s i l t y  

sediments. 

Thin,  d r i l l  r e s i s t a n t  c a rbona t e  hor izons  were common throughout 

t h e  s ec t i on .  I t  i s  no t  known whether  t h e s e  h o r i z o n s  a r e  a  pr imary 

deposi t ion  f e a t u r e  or  a  post-depositional groundwater phenomenon, 

Tiae few c o a l  ho r i zons  encounte red ,  appea red  t o  be  l e n t i c u l a r  

masses  o c c u r r i n g  on d i s con t i nuous  h o r i z o n s  r a t h e r  t h a n  con t inuous  

seams. The Koyuk coal  contains a  s i g n i f i c a n t  amount o f  v i t r a i n  and can 

be c l a s s i f i e d  a s  subbituminous. Samples of  the coa l  were taken from 

DH-K12-83 and DH-K13-83; analyses of t h e s e  samples  w i l l  be pub l i shed  

a t  a  l a t e r  d a t e .  The sample from DH-13-83 was a  core  from a  s i x  inch 

bed of subbituminous coal  t h a t  was deposited on and over la in  by 1 t o  2 

inch th ick  s i l t y  c l ay  beds. 

The a t t i t u d e  of t h e  Koyuk T e r t i a r y  s e c t i o n  was determined by 

t r i p l e  point ana ly s i s  of horizons judged t o  be s i m i l a r  i n  l i t h o l o g i c  

c h a r a c t e r  and d e n s i t y  l o g  response ,  C o r r e l a t i o n  was only  p o s s i b l e  

between c l o s e l y  spaced d r i l l  holes .  The s e c t i o n  a p p a r e n t l y  s t r i k e s  



N 70 degrees E t o  N 85 d e g r e e s  E and  d i p s  10 t o  20 d e g r e e s  t o  t h e  

s o u t h .  E x a m i n a t i o n  of c o r e  f rom h o l e  DH-K13-83. showed beds  t o  b e  

d ipp ing  a t  roughly  15 degrees ,  

A l t h o u g h  s e v e r a l  major l ineaments  can be. seen s t r i k i n g  a c r o s s  the 

h i l l s  toward t h e  Koyuk P r o j e c t  a r e a ,  a b u n d a n t  g round  c o v e r  o b s c u r e s  

any s u r f a c e  e x p r e s s i o n  o f  f a u l t s  w i t h i n  t h e  p r o j e c t  a r e a ,  No f a u l t  

zones .were  recognized  i n  t h e  subsurface.  

&post- Environment; 

T h e  e n v i r o n m e n t  o f  d e p o s i t i o n  of t h e  C r e t a c e o u s  t o  T e r t i a r y  

s e c t i o n ,  a t  Koyuk, i s  i n f e r r e d  t o  r e p r e s e n t  t h e  m a r g i n a l  m a r i n e  

d i s t r i b u t a r y  s y s t e m  o f  a  d e l t a  e n v i r o n m e n t .  The d i s c o n t i n u o u s  c o a l  

l e n s e s  probably r e p r e s e n t  s m a l l  l e n t i c u l a r  s i t e s  b e h i n d  l e v e e s  t h a t  

a l l o w e d  f o r  t h e  p r o t e c t e d  d e p o s i t i o n  o f  organics .  These ephemeral c o a l  

d e p o s i t i o n a l  s i t e s  were t e r m i n a t e d  by a n a s t o r n o s i n g  c h a n n e l s  a n d  

f r e q u e n t  o v e r  bank f looding .  The i n f e r e n c e  that  t h e  Koyuk c o a l  bea r ing  

r o c k s  r e p r e s e n t  a d i s t r i b u t a r y  s e c t i o n  o f  a d e l t a  s u g g e s t s  t h a t  

s i g n i f i c a n t  c o a l  d e p o s i t i o n  i s  u n l i k e l y  a n y w h e r e  w i t h i n  t h i s  

e n v i r o n m e n t a l  f a c i e s ,  It  is ,  however ,  p o s s i b l e  t h a t  e n v i r o n m e n t s  

a d j a c e n t  t o  t h e  d i s t r i b u t a r y  s y s t e m  and i n  g e n e r a l  more marginal  t o  

t h e  a c t i v e  d e l t a  may have s i g n i f i c a n t  c o a l  p o t e n t i a l .  



Coal Reso- 

T h e  c o a l  h o r i z o n s  e n c o u n t e r e d  a t  Koyuk  were t h i n  a n d  

d iscont inuous ,  Also, t h e  C r e t a c e o u s  t o  T e r t i a r y  s e c t i o n  h o s t i n g  t h e  

r a r e  c o a l  h o r i z o n s  w i t h i n  t h e  p r o j e c t  a r e a  was found t o  be covered by 

a  t h i c k  ( >25 f e e t )  b l anke t  of Q u a t e r n a r y  ove rbu rden .  The l i t h o l o g i c  

and  g e o p h y s i c a l  l o g s  show t h a t  t h e  l a r g e s t  c o a l  seams i d e n t i f i e d ,  with 

t h e  s i n g l e  except ion  of  one i n t e r c e p t  3.5 f ee t  t h i c k  f o u n d  a t  a  d e p t h  

o f  57 f ee t  i n  DH--K5--83, were l e s s  than  1.5 feet  th i ck .  The seam i n  

DH--K5--83 was no t  l o c a t e d  i n  any a d j a c e n t  d r i l l  h o l e s  and  a p p e a r s  t o  

be u n r e l a t e d  t o  t h e  c o a l  b e a r i n g  h o r i z o n s  a s s o c i a t e d  w i t h  t h e  o l d  

p r o s p e c t  s h a f t s .  Drill h o l e s  DH-K1-83, DH-K2-83, DH-K12-83, a n d  

DH-K13-83 w e r e  d r i l l e d  w i t h i n  a  200 f o o t  r a d i u s  of t h e  abandoned 

p r ~ s p e c t  s h a f t s  and  w i t h i n  400 f e e t  o f  t h e  1982  d r i l l  s i t e s .  The  

l a r g e s t  c o a l  seam i d e n t i f i e d  i n  t h i s  a r e a  was a p p r o x i m a t e l y  1  f o o t  

t h i c k  and occurred a t  a  dep th  o f  35 f e e t ,  

It is  v e r y  u n l i k e l y  t h a t  any e c o n o m i c a l l y  w o r k a b l e  c o a l  seams 

e x i s t  w i t h i n  t h e  s t u d y  a r e a .  The C r e t a c e o u s  t o  T e r t i a r y  s e c t i o n  

u n d e r l y i n g  t h e  p r o j e c t  a r e a  i s  an  u n f a v o r a b l e  environmental  s e t t i n g  

f o r  economic c o a l  d e p o s i t i o n .  D e s p i t e  l o c a l  u n c o n f i r m e d  r e p o r t s  of 

c o a l  i n  a r e a s  i m m e d i a t e l y  a d j a c e n t  t o  t h e  p r o j e c t  a r e a ,  it is  



improbab le  t h a t  any  w o r k a b l e  c o a l  s eams  w i l l  b e  f o u n d  i n  n e a r b y  

s e d i m e n t s  w i t h  a  d e p o s i t i o n a l  s e t t i n g  s i m i l a r  t o  t h e  s e c t i o n  

e v a l u a t e d .  The o r i g i n  o f  t h e  abundan t  c o a l  f l o a t  s e e n  on b e a c h e s  

a d j a c e n t  t o  t h e  p r o j e c t  a r e a  i s  problematic.  Although it i s  poss ib l e  

t h a t  t he  c o a l  f l o a t  is  e r o d e d  from t h e  meager .  l o c a l  s e c t i o n ;  it is 

s p e c u l a t e d  t h a t  t h e  c o a l  comes from beds which have no connect ion t o  

t h e  Koyuk s e c t i o n  and  a r e  f rom p o t e n t i a l l y  e c o n o m f c  s o u r c e ( s )  some 

d i s t a n c e  upr iver .  

A c o a l  b a s e d  e n e r g y  s e l f - s u f f i c i e n t  f u t u r e  f o r  the community of 

Koyuk may still be poss ib le .  A s  t he  d r i l l i n g  r e s u l t s  and a b u n d a n t  c o a l  

f l o a t  a t t e s t s ,  t h e r e  is c o a l  b e a r i n g  s t r a t a  i n  the Koyuk Basin. A l l  

t h a t  remains t o  b e  accomplished is f o r  a  v i g o r o u s  p r o s p e c t i n g  program 

t o  i d e n t i f y  a workable  seam of  coal.  Therefore ,  it is recommended t h a t  

t h e  Koyuk b a s i n  ( u p r i v e r  f rom t h e  p r o j e c t  a r e a )  b e  e x p l o r e d  a n d  

e v a l u a t e d  u s i n g  paleoenvironmental  t echniques  (i.e., paleo-current  and 

d e p o s i t i o n a l  s e t t i n g  a n a l y s i s ) .  A p r o g r a m  o f  t h i s  s o r t  w o u l d  

s p e c i f i c a l l y  t a r g e t  l i t h o l o g i e s  r ep re sen t f  ng envi ronments  h o s p i t a b l e  

t o  t h 2 - d e p o s i t i o n  of economic coa l  seams. P r e v i o u s  w o r k e r s  i n c l u d i n g  

H a r r i n g t o n  (1919)  a n d  P a t t o n  (1973) h a v e  a l r e a d y  i d e n t i f i e d  some 

p o t e n t i a l  c o a l  b e a r i n g  Cretaceous and T e r t i a r y  s e c t i o n s  i n  t h e  Koyuk 

b a s i n .  One of  t h e s e  s e c t i o n s  is  poorly exposed i n  the v i c i n i t y  of Dime 

Landing. Local r e s i d e n t s  may be of  a s s i s t a n c e  i n  l o c a t i n g  o t h e r  s u c h  

occurrences.  



C, Unalakle(tt 

In t roduct ion 

The  U n a l a k l e e t  Coal  E x p l o r a t i o n  P r o g r a m  w a s  s t a r t e d  on 

September 8 ,  1983, The p r o j e c t  cons i s t ed  of a surface  mapping e f f o r t  

and a d r i l l i n g  program, S u r f a c e  r e c o n n a i s s a n c e  was done w i t h i n  and 

o u t s i d e  of  t h e  p r o j e c t  a rea .  The d r i l l i n g  program c o n s i s t e d  of 12 

ro t a ry  d r i l l  holes. The 12 ho les  were d r i l l e d  t o  a cumulative t o t a l  o f  

1,823 f e e t ,  The program was completed on September 16, 1983. 

The l o c a t i o n  o f  t h e  U n a l a k l e e t  c o a l  occu r r ence  i s  shown i n  

Figure  1. The outcrops of coal  a r e  l o c a t e d  8 m i l e s  s o u t h  of  t h e  town 

o f  U n a l a k l e e t ,  a c r o s s  t h e  Una l ak l ee t  River, and a t  the  mouth of Coal 

Mine Creek, Regional geography is  shown i n  F igure  6. D e t a i l e d  l o c a l  

geography is presented on P l a t e  6 ,  

P e r s o n n e l  and camp equipment were t r a n s p o r t e d  i n  and o u t  of  

Unalakleet  on l o c a l  commercial a i r  s e r v i c e s .  The d r i l l i n g  equipment 

was barged from Koyuk across Norton Sound t o  a beach adjacent  t o  t he  





project area. Personnel and supplies were t ransported t o  and from t h e  

town of U n a l a k l e e t  v i a  l o c a l  d o r r i e s .  Nodwells and t h r e e  wheel 

a l l - terrain cycles provided access t o  t h e  p r o j e c t  a rea  and along t h e  

beach t o  the Unalakleet River. 

The coa l  outcrops along the beach near Coal Mine Creek have been 

repeatedly mined, Cathcart (1 920) r e p o r t s  t h a t  300 tons  of weathered 

c o a l  were s e n t  t o  S t .  Michael and Nome, f o r  use i n  steamships,  

sometime i n  1918. The only s t r u c t u r e s  remaining a t  the  s i t e  of t h e  

coal  occurrence i s  a r u s t i c  f i s h  camp. There is no evidence of the  

timber supported a d i t  reported by Cathcart .  Local r e s i d e n t s  r epor ted  

i n  informal conversations (1983) t h a t  coal from the beach was used f o r  

heat i n  residences and church buildings u n t i l  the ear ly 1960's. 

Previous Invest- 

J, T, Cass (1959) mapped the Unalakleet project  area a s  Shaktolik 

Group of Cretaceous age sediments, The mapping done by Cass was the  

f i r s t  comprehensive geologic information published on the Unalakleet 

coast .  H i s  e f f o r t s ,  however, were b u i l t  upon t h e  work of  s e v e r a l  

ind iv idua l s  who mapped adjacent  a r e a s ,  including: Smith and Eakin, 

1911; Harrington, 1918; and Patton and Bickel, 1956. 



W. W ,  P a t t o n  (1973) i n  a  r e c o n n a i s s a n c e  o f  t h e  n o r t h e r n  

Yukon-Koyukuk s t ruc tura l  province mapped t h e  Unalakleet p r o j e c t  a rea  

and s p e c i f i c a l l y  measured and dated the coal-bearing sect ion a t  Coal 

Mine Creek, Patton wrote t h a t ,  nClays containing l i g n i t i c  coa l  were 

discovered i n  a badly slumped beach bluff 10 miles south of Unalakleet 

on the shore of Norton Sound, Samples of the coal y ie lded  an abundant 

po l l en  f l o r a  of ea r ly  T e r t i a r y  age ( E ,  B, Leopold, wri t ten comrnun,, 

1966) ," Patton i d e n t i f i e s  t h e  Cretaceous sediments (mapped by Cass 

(1959)  a s  Upper C r e t a c e o u s  n e a r s h o r e  and nonmarine sandstone, 

mudstone, and coal (Ks--Figure 61, 

.. . - ,  As p a r t  of the  1982 Norton Sound Area Coal Exploration Program, 

Stevens Exploration Management Corporation (1983) conducted a  b r i e f  

~ . aconna i s sance  examination of t h e  Unalakleet coa l  occurrence.  The 

f i n d i n g s  of t h e  1982 e f f o r t  included a  d e s c r i p t i o n  of t h e  coal  a s  

being found i n  n f l a t - ly ing  Early Tertiary shalesn, The 1983 Northwest 

Coal RFP contained a map done by Eakins and Stevens i n  1982 t h a t  

show~d the  placement of coal seams along the shoreline, 

Regional Geology 

The east  coast of Norton Sound, i n  the vicini ty  of Unalakleet ,  i s  

c h a r a c t e r i z e d  by a  t h i c k  and areally extensive package of terrigenous 



and volcanogenic Cretaceous sediments (Ks--Figure 6). Thi s  assemblage 

of  Cretace-ous.sedimentary rocks, which has i n  t h e  pas t  been ca l l ed  t h e  

S h a k t o l i k  group ( a  term now abandoned),  i s  now c o n s i d e r e d  t o  b e  

e q u i v a l e n t  t o  t h e  K a l t a g  and N u l a t o  Fo rma t ions  and t h e  Ungalik 

Cong lomera t e  ( P a t t o n ,  1973 ) .  These  s e d i ' m e n t a r y  r o c k s ,  m o s t l y  

greywacke, mudstone,  sands tone ,  and c o a l  were d e p o s i t e d  i n  a sho r t  

i n t e rva l  of mid--Cretaceous time and cover  much of  t h e  Norton b a s i n  

and probably u n d e r l i e  a l a r g e  p o r t i o n  of  Norton Sound ( S c h o l l  and 

Hopkins, 1969). 

The Cre taceous  sediments i n  t he  Unalakleet region a r e  bordered t o  

the  south by Quaternary b a s a l t  flows (Qv--Figure 6) .  Twenty m i l e s  t o  

t h e  e a s t  of  t h e  U n a l a k l e e t  c o a l  occurrence on t h e  d iv ide  between t h e  

Yukon River and Norton Sound, Mesozoics g r a n i t i c  and a n d e s i t i c  r ocks  

(Mzg, MzTv--Figure 6 )  a r e  juxtaposed aga ins t  Cretaceous sediments by 

t he  Chirosky Fault.  The Kaltag Fault  c u t s  c l o se  t o  t he  nor the rn  end o f  

t h e  p r o j e c t  a r e a ,  The f a u l t  is a major f e a t u r e  which c u t s  and deforms 

the  Cretaceous s t r a t a  (Pat ton ,  1973). 



Projec t  Area Geology 

The U n a l a k l e e t  p r o j e c t  a r e a  ( P l a t e  16) is  l o c a t e d  on a deeply 

inc i sed ,  bad ly  slumped beach b l u f f ,  The Q u a t e r n a r y  and T e r t i a r y  t o  

C re t aceous  s e c t i o n  i s  w e l l  exposed on t h e  c l i f f  f a c e s  of  t he  beach 

b l u f f  and on t h e  beach above and below t i d e l i n e ,  Coa l  s eams  a r e  

exposed a t  s e v e r a l  l oca t i ons  along t h e  beach, Inland of the beach and 

b lu f f ,  t h i ck  vegeta t ion  covers the  s e c t i o n  e x c e p t  f o r  r a r e  e x p o s u r e s  

o f  Q u a t e r n a r y  d e p o s i t s  i n  t h e  deep ly  i n c i s e d  but brushy streams. A t  

t h e  extreme e a s t e r n  edge of the p ro j ec t  a r ea  r o l l i n g  h i l l s  rise above 

t h e  c o a s t a l  p l a i n  and o u t c r o p s  o f  C re t aceous  sed imenta ry  rocks a r e  

COIIPII on. 

Geo log ic  mapping a long  t h e  beach is complicated by t h e  presence 

of l a r g e  slump b locks  ( P l a t e  6 ) -  T h i s  mass w a s t i n g  phenomenon i s  

c a u s e d  by t h e  p a r t i a l  thawing o f  permafrost along a s t eep  b lu f f  f ace  

and t h e  subsequent s lope  f a i l u r e ,  The a r c u a t e  f a u l t  a t  t h e  f a i l u r e  

p o i n t  a t  t h e  t o p  of t h e  b lock  can be  15 f ee t  deep and 40 feet wide. 

The ne t  r e s u l t  of t h i s  s l o p e  f a i l u r e  i s  a beachward r o t a t i o n  of  t h e  

b lock  ( s k e t c h  on P l a t e  61 ,  which dramat ica l ly  e f f e c t s  t h e  appearance 

of the sedimentary a t t i t u d e s ,  



The Una l ak l ee t  c o a l  b e a r i n g  s e c t i o n  has been dated on t he  bas i s  

of pol len  content  a s  e a r l y  Te r t i a ry  ( P a t t o n ,  '1973). The r e l a t i o n s h i p  

o f  t h e  c o a l s  t o  t h e  more i n d u r a t e d  s a n d s t o n e s  and s h a l e s  found 

down-section a long  t h e  beach and t o  t h e  s i m i l a r  l o o k i n g  Cre taceous  

s a n d s t o n e s  and s h a l e s  which form t h e  e a s t e r n  h i l l s  i s  unclear.  The 

c o a l  b e a r i n g  c l a y s  seem t o  b e  c o n f o r m a b l e  w i t h  t h e  u n d e r l y i n g  

i n d u r a t e d  s ands tones  and shales.  It is speculated t h a t  deposi t ion  was 

continuous throughout e a r l y  Te r t i a ry  and l a t e  Cretaceous time. 

- - rjiibsurf ace  G e 0 l ~ g y  

..\.. - .. 
-. - - ., The s u b s u r f a c e  geology was e v a l u a t e d  by examining t h e  l i t h i c  

get.physica1 logs  (Appendix B) and l i t h i c  cu t t i ngs  (Appendix C )  from 12 

r o t a r y  bore  ho les .  The h o l e s  were d r i l l e d  t o  a  cumu la t i ve  t o t a l  of 

1,8% feet. The loca t ion  of these  d r i l l  holes  is shown on P l a t e  6. The 

d r i l -Z ing  e f f o r t  d i d  n o t  add subs t an t i a l l y  t o  t h e  s t r a t i g r a p h i c  d e t a i l  

assembled from the  surface  mapping. The d r i l l i n g  p a t t e r n  was planned 

s o  t h a t :  

1)  The p r o j e c t  a r e a  coal  po t en t i a l  was a s  completely 
t e s t ed  a s  poss ib le  f o r  t h i s  project .  



2) The a r e a  a d j a c e n t  t o  t h e  coal  b e d s  on Coa l  Mine 
Creek was s p e c i f i c a l l y  t e s t e d ,  

3) The a r e a s  w i th  obvious mining and/or  env i ronmen ta l  
p r o b l e m s  ( l e e e ,  t i dewa te r  and s lump b locks )  were no t  
emphasized a t  t h e  expense o f  a r e a s  w i t h i n  t h e  p r o j e c t  
a r e a  more amenable t o  mining, 

4) The d i p  o f  t h e  s e c t i o n  c o u l d  be e v a l u a t e d  u s i n g  
t r i p l e  p o i n t  techniques.  

;. The s t r a t i g r a p i c  s e c t i o n  mapped a n d  d r i l l e d  a t  U n a l a k l e e t  is 

gai ieral ized i n  a s e c t i o n  shown on P l a t e  6, The s e c t i o n  a t  U n a l a k l e e t  
. - 

i n c l u d e s  a  20 t o  50 f o o t  t h i c k  H o l o c e n e  a n d  Q u a t e r n a r y  u n i t  

unconformably o v e r l y i n g  an unknown t h i c k n e s s  o f  Cretaceous t o  T e r t i a r y  
.. . ... . . 

t c r ; * i g e n o u s  a n d  v o l c a n o g e n i c  sed iments ,  The Qua te rna ry  exposures a r e  

of ~ o o r l y  s o r t e d  a n g u l a r  g r a v e l ,  s a n d ,  a n d  silt. Obvious  b e d d i n g  i s  

r a r e ;  b u t  c h a n n e l  c u t s  a n d  r o u g h  s i z e  s o r t i n g  i s  o c c a s i o n a l l y  

obse;ved.  The p e b b l e s  and c o b b l e s  a r e  a p p a r e n t l y  d e r i v e d  from t h e  
.- 

~ r e t e ' c e o u s  s a n d s t o n e  a n d  s h a l e  w h i c h  form t h e  h i l l s  e a s t  o f  t h e  

p r o j e c t  a r e a ,  I ce ,  o c c u r r i n g  a s  a c c r e t i o n a r y  w e d g e s  a n d  a s  

i n t e r s t i t i a l  f i l l i n g  o f  void space  w i t h i n  the Quaternary  sediments  is 

comnon and may be a s  much a s  80 per c e n t  o f  t h e  t o t a l  volume f o r  any  

10 f o o t  d r i l l  hole i n t e r v a l .  The Q u a t e r n a r y  s e c t i o n  is i n f e r r e d  t o  

r e p r e s e n t  a l l u v i a l  f a n  d e p o s i t s  shed from t h e  l o c a l  highlands,  



The c o n t a c t  of t h e  Q u a t e r n a r y  and T e r t i a r y  sediments is a  very 

i r r e g u l a r  angular unconformity, The l o w e s t  Qua t e rna ry  bed i s  a  sandy 

g r ave l  t h a t  i s  not s i gn i f i c an t l y  d i f f e r e n t  from the overlying gravels ,  

The sec t ion  exposed a long  t h e  beach i s  a  complex assemblage  o f  

u n c o n s o l i d a t e d  s i l t ,  c l a y ,  c o a l ,  and a s h  l e n s e s  i n t e r c a l a t e d  w i t h  

indura ted  sandstones and shales.  L a t e r a l  f a c i e s  changes  a r e  f r e q u e n t  

a n d  a b r u p t ;  and few beds have  a l a t e r a l  e x t e n s i o n  o f  more t h a n  50 

f e e t ,  Low a n g l e  c r o s s b e d s  ( < I 0  d e g r e e s )  a r e  t h e  m o s t  common 

sedimentary s t r uc tu r e s ,  

Samples c o l l e c t e d  from t h e  r o t a r y  holes a l s o  revealed a  s ec t i on  

dominated by s i l t  and c lay .  With t h e  e x c e p t i o n  of D H - ~ 7 - 8 3  which  

y i e l d e d  r ed ,  brown, p ink,  and g r e e n  i n t e r l a m i n a t e d  s ed imen t s ,  t h e  

s e c t i o n  was a  monotonous co l l e c t i on  of grey and brown clayey silt, 

The coal  exposures  a l o n g  t h e  beach vary i n  both grade and s ize .  

Die-ontinuous l e n t i c u l a r  beds of c l ay  and l i g n i t e  a r e  common a long  t h e  

2esd t l .  :Less common t h i n  horizons o f  apparently higher rank coal  occur 
. - 

throughout t h e  Ter t i a ry  s e c t i o n ,  Beds a r e  r a r e l y  t r a c e a b l e  f o r  more 

t h a n  a few t e n s  of  f e e t  and a r e  seldom t h i c k e r  t h e n  1-2 f ee t ,  Clay 

beds  u n d e r l y i n g  t h e  coa l  h o r i z o n s  were common. P l a n t  f o s s i l s  were 

abundant i n  t he  coal  and sha le  beds of t he  Ter t i a ry  sect ion.  



Samples o f  c o a l  from DH-U1-83 and DH-Ull-83 were collected,  The 

i n t e r cep t  from DH-U1-83 was the  l a r g e s t  coal  bed found by t h e  d r i l l i n g  

e f f o r t ,  T h i s  c o a l  bed i s  approx imate ly  2 f ee t  t h i c k  and occurs a t  a  

depth of 87 f e e t ,  The coal  ch ips  from t h i s  be'd c o n t a i n e d  v i t r a i n  and 

p l an t  fragments, 

Coal  f l o a t  i s  n o t  found i n  any o f  t h e  p r o j e c t  a r e a  s t reams ,  

S e v e r a l  of t h e  s t r e a m s  n o r t h  o f  t h e  p r o j e c t  a r e a  ~ o n t a i n  abundan t  

f l o a t ;  no exposures o f  coa l  were iden t i f i ed ,  

The a t t i t u d e  of  t h e  T e r t i a r y  t o  Cretaceous s ec t i on  was measured 

by i l r e c t  observat ion of beach outcrop and unslumped b l u f f  exposures ,  

and ' ~ y  t r i p l e  p o i n t  a n a l y s i s  o f  d r i l l  i n t e r c e p t s ,  Pa r t ly  because of 

t h e  sahange i n  d i p  caused by slumping, p r e v i o u s  mapping h a s  shown t h e  

T e r t j  a r y  s e c t i o n  a s  d l  pping e i t h e r  west, e a s t ,  o r  hor izonta l ,  Careful 

mapp11,g of slumped a r e a s  i n  a d d i t i o n  t o  d e t a i l e d  mapping of  beach  

o u t c r o p  a t  low t i d e  ha s  shown t h a t  t h e  T e r t i a r y  sediments within and 

adjacent  t o  the  p ro j ec t  a rea  s t r i k e  app rox ima te ly  N 40 deg ree s  E and 

d i p  30-50 degrees e a s t ,  



An a t t e m p t  was made t o  do a  t r i p l e  p o i n t  a n a l y s i s  on coal  

horizons from d r i l l  holes DH-1-83, DH-11-83? and DH-12-83. The r e s u l t s  

were ambiguous because of the discontinuous riature of the coal lenses, 

but a  dip between 40 and 45 degrees t o  the eas t  is  most l ikely.  

Aside  from the fault ing related t o  slope fa i lu re ,  no major f a u l t s  

were recognized a s  c u t t i n g  t h e  p r o j e c t  a r e a  s e c t i o n .  No d i r e c t  

e v i d e n c e  of d e f o r m a t i o n  caused by t h e  nearby K a l t a g  f a u l t  was 

observed, However, the Tertiary section was s ignif icant ly d i s tu rbed  by 

p o s t  d e p o s i t i o n a l  dewater ing  which caused severe  s o f t  sediment 

deformation. In  many places beds a r e  v i r t u a l l y  squ i r t ed  along small  

f a u l t  planes or deformed around more re s i s t an t  beds. 

D e ~ o f i t i o ~  Environment 

The env i ronment  of d e p o s i t i o n  of t h e  T e r t i a r y  s e c t i o n  a t  

Una!akleet is inferred t o  represent the  marginal marine, d i s t r i b u t a r y  

s y s t 3  of a  lower  d e l t a  p l a i n  environment .  The environment was 

very similar t o  that  represented a t  Koyuk. Like the  s e c t i o n  

a t  Koyuk t h e  U n a l a k l e e t  environment of depos i t ion  sugges ts  t h a t  

s i g n i f i c a n t  c o a l  d e p o s i t i o n  i s  u n l i k e l y  anywhere w i t h i n  t h i s  

e n v i r o n m e n t a l  f a c i e s .  It is ,  however, poss ib le  t h a t  environments 
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adjacent t o  the distr ibutary system and i n  general  more marginal t o  

the act ive delta may have s ignif icant  coal potential,  

The l a r g e s t  l e n s  of coa l  exposed along t h e  beach is located a t  

the  mouth of Coal Mine Creek, j u s t  south of the project area boundary, 

- - .  The coa l  (clayey l i g n i t e )  occurs i n  a  pod 6 fee t  wide and some 20 fee t  

i n  l a t e r a l  extent. The lens is part of a  coal horizon con ta in ing  some 

higher  grade coa l  t h a t  pinches out along a  s t r ike  length of 150 feet ,  

The bed d i p s  approximately 35 degrees t o  the east. 

Coal i n t e r c e p t s  from t h e  12 d r i l l  holes were th in  and deep; the 

t h i c k e s t  i n t e r c e p t s  were no more than 2 f e e t .  No continuous coa l  

bear ing  horizons were i d e n t i f  led. DH-U4-83 was d r i l l e d  up-section 

from the la rges t  surface occurrence on Coal Mine Creek t o  a  depth of 

210 f e e t  and encountered no coal. 

Conclusions and Recommendations 

The Unalakleet p ro jec t  r e s u l t e d  i n  the d e f i n i t i o n  of t h e  study 

a r e a  a s  an u n f a v o r a b l e  e n v i r o n m e n t a l  s e t t i n g  f o r  economic coal 

deposi t ion.  I t  i s  improbable t h a t  any economic coa l  seams w i l l  be  

f o u n d  i n  d e p o s i t s  a s s o c i a t e d  w i t h  t h e  s e c t i o n  e v a l u a t e d .  



Additionally, t h e  T e r t i a r y  sec t ion  away from the  beach is covered by a  

p r o h i b i t i v e - l y  t h i c k  (>30 f e e t )  b lanket  of permafrost-rich Quaternary 

gravel ,  

The o c c u r r e n c e  of  t h e  coal beds along t h e  beach and the  presence 

of f l o a t  i n  l o c a l  s t r e a m s  i n d i c a t e  t h a t ,  g i v e n  t h e  p r o p e r  

environmenta l  s e t t i n g ,  t h e  ex i s t ence  of s i g n i f i c a n t  coa l  deposi ts  is 

possible,  Explorat ion i n  adjacent  time-stra t i g r a p h i c  u n i t s  e q u i v a l e n t  

t o  t h e  one s t u d i e d  i s  sugges ted ,  It i s  s t i l l  p o s s i b l e  t h a t  o t h e r  

coal-bearing s e c t i o n s  u n r e l a t e d  t o  t h e  p r o j e c t  a r e a  b u t  proximal t o  

Una l ak l ee t  may p r o v e  t o  be workable, To i d e n t i f y  such coal-bearing 

sec t ions  it w i l l  be necessary t o  p ro spec t  f o r  f a v o r a b l e  d e p o s i t i o n a l  

env i ronments ,  t h i n  overburden,  and f a v o r a b l e  s t r u c t u r e .  P o s s i b l e  

si tes f o r  f u t u r e  e x p l o r a t i o n  i n c l u d e  a r e a s  a round  the  margin of t h e  

b a s i n  c o n t a i n i n g  t h e  Una l ak l ee t  p r o j e c t  a r e a ,  Other occurrences i n  

t h e  Unalakleet v i c i n i t y  should be examined, i n c l u d i n g  t h e  s e c t i o n  of 

T e r t i a r y ( ? )  r o c k s  some 40 miles up the  Unalakleet River on the  Ulukuk 
, ' -  * River  (Gassay a n d  Abramson,  1978) .  L o c a l  r e s i d e n t s  may be  o f  

a ss i s t ance  i n  l o c a t i n g  o the r  such coal  occurrences, 

. - 
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APPENDIX A 

Geophysical I n v e s t i g a t i o n s  

G e o p h y s i c a l  i n v e s t i g a t i o n s  were c o n d u c t e d  a t  t h e  Chicago Creek 

s i t e  from Augus t  11 t h r o u g h  A u g u s t  2 5 ,  1983. P r e l i m i n a r y  d a t a  

r e d u c t i o n  and e v a l u a t i o n  was c o n d u c t e d  i n  t h e  same period. R e s u l t s  

o b t a i n e d  from t h e  pre l iminary  d a t a  e v a l u a t i o n  were u s e d  t o  modi fy  t h e  

f i e l d  a p p r o a c h  a s  t h e  program progressed.  The geophys ica l  s t u d i e s  a t  

t h i s  s i t e  p r o v i d e d  m i x e d  r e s u l t s ;  se i smic  r e f l e c t i o n  a n d  E H  

i n v e s t i g a t i o n s  y i e l d e d  l i t t l e  u s e f u l  i n f o r m a t i o n  on t h e  c o a l  u n i t  

whereas t h e  magnetometer survey was a b l e  t o  d i s c e r n  what a p p e a r s  t o  be 

magnet ica l ly  c o n t r a s t i n g  s t r a t a  from the c o a l  b e a r i n g  sequence. 

The s i g n a t u r e  of t h e s e  m a g n e t i c a l l y  c o n t r a s t i n g  s t r a t a  c o u l d  b e  

f o l l o w e d  be tween  t r a v e r s e s  a l o n g  a  g e n e r a l l y  n o r t h e r l y  s t r i k e  f o r  a  

c o n s i d e r a b l e  d i s t a n c e  (6 ,800  f e e t ) .  A l t h o u g h  t h e  c o a l  u n i t  was n o t  

s p e c i f i c a l l y  i d e n t i f i e d ,  t h e  anomalous p a t t e r n  was c o n s i s t e n t  w i th  

d a t a  d e r i v e d  f rom t h e  d r i l l  h o l e s  s u g g e s t i n g  t h a t  t h e  s e q u e n c e  

c o n t a i n i n g  t h e  c o a l  is i d e n t i f i a b l e  and can be  followed. 



Introductian 

T h e  o b j e c t i v e s  of  t h e  g e o p h y s i c a l  program d e v e l o p e d  f o r  t h i s  

p r o j e c t  were twofo ld :  1) t o  h e l p  d e l i n e a t e  t h e  Chicago  Creek  c o a l  

d e p o s i t  a n d  2 )  t o  " t e s t n  t h e  p e r f o r m a n c e  o f  v a r i o u s  g e o p h y s i c a l  

t e c h n i q u e s  f o r  g e n e r a l  a p p l i c a b i l i t y  i n  p e r m a f r o s t  t e r r a i n s ,  

p a r t i c u l a r l y  those  with coa l -bear ing  s t r a t a ,  

The a p p r o a c h  t o  t h e  program was b a s e d  on methods s u g g e s t e d  by  

D G G S ,  r e s u l t s  o f  t h e  1982 g e o p h y s i c a l  program, and t h e  s p e c i a l  

c o n d i t i o n s  a n t i c i p a t e d  a t  t he  si te,  The survey methods s e l e c t e d  w e r e  

seismic r e f l e c t i o n ,  modified h o r i z o n t a l  loop-EM, and magnet ic  methods 

which o p e r a t e  on a  d i v e r s e  s e t  o f  p r i n c i p l e s ,  S p e c i f i c  t o o l s  were 

s e l e c t e d  t o  m a x i m i z e  r e s p o n s e  a n d  r e s o l u t i o n  i n  t h e  p e r m a f r o s t  

t e r r a i n ,  

The seismic r e f l e c t i o n  s u r v e y  was designed by J e r r y  Wil l iams of 

C, C. Hawley and Assoc ia tes ,  Inc ,  i n  coope ra t ion  w i t h  Rob L a n k s t o n  of  

Geo-Compu-Graph (Spokane ,  W a s h i n g t o n ) ,  A combination of  t echn iques  

were employed t o  de te rmine  if seismic r e f l e c t i o n  would work, T h e s e  



i nc luded  downhole s o n i c  l o g s ,  r e f r a c t i o n  p r o f i l e s ,  and an a c t u a l  

re f lec t ion  survey. 

Seismic i n v e s t i g a t i o n s  were conducted us ing  a Ceometrics model 

ES-1210F Nimbus 12 channe l ,  s i g n a l  enhancement se i smograph .  The 

in s t rumen t  i n c o r p o r a t e s  a  CRT display of recorded data and produces a  

"hardn copy on metal l ic-coated paper. An a r r a y  of  12 geophones was 

used wJ t h  a  spac ing  of 32.8 f e e t  (10 m) between phones. Energy was 

supplied by small explosive charges placed a t  the  bottan of t h e  thawed 

zone. Shot p o i n t  o f f s e t s  of 16.4, 32,8, 114.8 and 196.9 f e e t  (5, 10, 

35 and 60 m) t o  the  f irst  phone were used. 

Downhole s o n i c  l o g s  were provided by BPB Instruments using t h e i r  

multicllannel sonic tool .  Channels 2  and 3  were used t o  develop t h e  

v e l o c i t y  s t r a t i g r a p h y  da t a  necessary  f o r  c o r r e l a t i o n  wi th  sgismic  

r e f l e c t i o n  r e s u l t s .  Channel  3 i s  t h e  l o n g  s p a c i n g  c h a n n e l  and 

p r o v i d e s  t h e  b e s t  average  format ion v e l o c i t y  wh i l e  channel  2 ,  t h e  

medium spacing channel, provides more de ta i l .  

Seismic  r e f r a c t i o n  and downhole sonic log  data were collected and 

a n a l y z e d  t o  p r o v i d e  t h e  n e c e s s a r y  v e l o c i t i e s  a n d  v e l o c i t y  

s t r a t i f i c a t i o n  w i t h  which t o  a s s i s t  i n  i n t e r p r e t a t i o n  of t h e  

r e f l ec t ion  data, The seismic r e f r a c t i o n  samples i n d i c a t e d  a  s u r f a c e  

thawed zone vary ing  from about 2 f e e t  t o  10 f e e t  (0 ,6  t o  3 m) and 



a v e r a g i n g 4  f e e t  t o  5 f e e t  (1 .2  t o  1.5 m )  w i t h  a  v e l o c i t y  of  a b o u t  

4,000 t o  5,000 f e e t  (1,220 t o  1,525 m) pe r  second. 

! 
I 

I 
I 

Downhole s o n i c  l o g s  p r o v i d e d  e x t r e m e l y  v a l u a b l e  a l t h o u g h  

d i s c o u r a g i n g  d a t a .  The u p p e r  30 f e e t  (9.1 m )  showed v e l o c i t i e s  

ranging from less  than 7,000 f e e t  (2,135 m) per second t o  o v e r  25 ,000 

f e e t  ( 7 , 6 2 0  rn) p e r  second,  a v e r a g i n g  about 11,100 f e e t  (3,380 m) per  

second w i t h  10 d i s t i n c t  v e l o c i t y  l a y e r s  and s i g n i f i c a n t  v e l o c i t y  

c o n t r a s t s .  From 30 f e e t  t o  140  f e e t  ( 9 . 1  t o  4 2 . 7  m )  i n  d e p t h  

v e l o c i t i e s  va r i ed  from about 10,000 t o  20,000 f e e t  ( 3 , 0 5 0  t o  6 ,100  m )  

pe r  second a v e r a g i n g  about  13 ,500  f e e t  ( 4 , 1 1 5  rn) p e r  second. This  

i n t e r v a l  a l s o  showed s i g n i f i c a n t  v e l o c i t y  u n i t s  a v e r a g i n g  3  t o  5  f e e t  

( 1 . 2  t o  1 . 5  m )  i n  v e r t i c a l  t h i c k n e s s .  F i e l d  g e o p h y s i c a l  d a t a  i s  

enclosed i n  a sepa ra te  packet t o  the  r epor t .  

I n  summary, a  combinat ion of adverse condi t ions  severe ly  reduced 

t h e  v a l u e  of t h e  s e i s m i c  r e f l e c t i o n  s u r v e y .  T h e s e  c o n d i t i o n s  

included:  

1 )  The d i p  o f  t h e  s t r a t a  t o  300 f e e t  i n  d e p t h  i s  
beyond the c r i t i c a l  angle of r e f l e c t i o n .  The d i p  d i d  
n o t  f l a t t e n  w e s t w a r d  a s  h a d  b e e n  p r e v i o u s l y  
i n t e r p r e t e d .  



2) The high frequency of r e f l e c t i n g  hor izons .  These  
ho r i zons  were due both from massive, near-surface ice 
l e n s e s  and from t h i n  v a r i a b l e  beds d e e p e r  i n  t h e  
s e d i m e n t a r y  s e c t i o n .  Had f a c t o r  # l  n o t  been a 
problem, da ta  may have been co l l e c t ed  u s i n g  ave raged  
ve loc i t i e s  f o r  the  zone o f  near-surface ice lens ing,  

3) Target coal  depth i n  t he  area  of i n t e r e s t  was l e s s  
t h a n  t h a t  required f o r  the r e f l e c t ed  s i gna l  t o  emerge 
from the  a t tenuated  wave t r a i n  a r i s i n g  from the  f i r s t  
a r r i v a l  r e f r a c t i o n  p a t h ,  The o n l y  u s e f u l  d a t a  
obtained from the  r e f l e c t i o n  work t h a t  was done was a 
r e f l e c t i o n  c o n s i s t e n t  w i t h  t h e  sedimentary/basement 
in te r face ,  The l o c a t i o n  of the  a t tempted r e f l e c t i o n  
s u r v e y  i s  shown o n  P l a t e  4 .  No s e d i m e n t a r y  
s t r a t i g r a p h y  o r  s t r u c t u r e  c o u l d  b e  i d e n t i f i e d ,  
r e s u l t i n g  i n  t h e  abandonment of f u r t h e r  r e f l e c t i o n  
work. 

EN Survey 

The EM s u r v e y  was c o n d u c t e d  u s i n g  a S c i n t r e x  SE-88 G e n i e  

e l e c t r o m a g n e t i c  s y s t e m ,  T h i s  s y s t e m  i s  d e s i g n e d  t o  m i n i m i z e  

g e o m e t r i c a l l y  d e r i v e d  e r r o r s ,  i t s  measurements b e i n g  based  on t h e  

s imu l t aneous  t r a n s m i s s i o n  o f  two p r e s e l e c t e d  a n d  wel l  s e p a r a t e d  

f r equenc i e s .  The amp l i t udes  of t h e  two s i gna l s  a r e  then compared a t  

t h e  receiver .  

The electro-magnetic  survey was first implemented i n  the southern 

por t ion  of the study a r e a  w i t h  t h e  hope of s i m u l t a n e o u s l y  a s s e s s i n g  

t h e  e x t e n t  of t h e  c o a l  u n i t  and perhaps l oca t i ng  t h e  suspected f au l t .  

Three east-west t r a v e r s e s  and two nor th - sou th  t r a v e r s e s  were run  i n  



t h i s  a r e a .  Coil s p a c i n g  was m a i n t a i n e d  a t  1 6 4  f e e t  (50  m) w i t h  

r e a d i n g s  t aken  a t  75-foot  (23 m)  i n t e r v a l s .  T h i s  c o n f i g u r a t i o n  a l l ows  

f o r  adequate  p e n e t r a t i o n  and sampling r a t e s  ( r a t i o s  o f  112/1012 Hz and 

337/1012 Hz) t o  e v a l u a t e  t h e  s u s p e c t e d  t a r g e t s .  The r e s u l t i n g  d a t a  

i n d i c a t e d  t h a t  t h e r e  was i n s u f f i c i e n t  r e s i s t i v i t y  c o n t r a s t  between t h e  

t a r g e t s  and t h e  s u r r o u n d i n g  m a t e r i a l s  t o  p r o v i d e  an adequate s i g n a l  

f o r  i n t e r p r e t a t i o n .  Two a d d i t i o n a l  e a s t - w e s t  t r a v e r s e s  were r u n  on 

t h e  n o r t h  s i d e  o f  t h e  c r e e k  u s i n g  t h e  same c o n f i g u r a t i o n ,  but  only 

sampling a t  30 - foo t  (9.1 m )  i n t e r v a l s ,  w i t h  s i m i l a r  non- re spons ive  

r e s u l t s .  The b a s i s  f o r  t h e  l a c k  of r e s p o n s e  i n  t h e  EX s i g n a l  is 

l i k e l y  t h e  r e s u l t  o f  t h e  t r a n s m i t t e r - r e c e i v e r  s p a c i n g  r e q u i r e d  f o r  

p e n e t r a t i o n  t o  t h e  d e p t h  o f  i n t e r e s t .  Ice l e n s i n g  pervades both the 

c o a l  bear ing  s e c t i o n  and t h e  o v e r l y i n g  wind-blown s e d i m e n t s  c a u s i n g  

s i g n i f i c a n t  c h a n g e s  i n  t h e  e l e c t r i c a l  c h a r a c t e r  o f  the s e c t i o n  over  

t h e  very s h o r t  d i s t a n c e  required.  

C o m p a r i n g  t h e  G e o n i c s  EM34-3 s y s t e m  u s e d  i n  t h e  1 9 8 2  

i n v e s t i g a t i o n s  w i t h  t h e  S c i n t r e x  SE-88 G e n i e  s y s t e m  u s e d  i n  t h i s  

s t u d y ,  it a p p e a r s  t h a t  t h e  EM34-3 provides  more u s e f u l  information a t  

t h e  65.6-foot (20 m )  c o i l  spac ing  conf igura t ion .  It i s  a l s o  e a s i e r  t o  

o p e r a t e  and r e q u i r e s  l e s s  d a t a  r e d u c t i o n .  Although the SE-88 Genie 

h a s  t h e  c a p a b i l i t y  o f  s e n s i n g  much d e e p e r ,  t h e r e  i s  i n s u f f i c i e n t  

c o n t r a s t  i n  a p p a r e n t  r e s i s t i v i t y  a t  t h e  d e p t h  r e q u i r e d  t o  p r o v i d e  

a d d i t i o n a l  informat ion.  T h i s  was s u g g e s t e d  by t h e  l a c k  o f  r e s p o n s e  



using the  EH34-3 with a  131.2-foot (40 m) c o i l  separa t ion  i n  t h e  1982 

inves t iga t ions .  Whereas the penetration capabili ty of the SE-88 Genie 

is much greater ,  there is no apparent increase i n  sens i t iv i ty  over t h e  

EM34-3 a t  l e a s t  under these conditions, 

Mannetometer Survey 

r 

The magnetometer survey was conducted u s i n g  a  Geometries model 

G-846 Unimag I1 por table  proton magnetometer i n  t h e  f i e l d  and an 

i d e n t i c a l  u n i t  a s  a  base s t a t i o n .  The magnetometer survey began on 

t h e  south s i d e  of Chicago Creek where t h r e e  e a s t - w e s t  and f i v e  

north-south traverses were run primarily with the hope of locating and 

tracing the suspected fau l t  a t  the southern end of the study area.  I n  

addition-,  12 east-west t r a v e r s e s  were run on the  north s ide  of the 

creek. Stationing was maintained a t  30 f e e t  (9.1 m) i n t e rva l s  f o r  a l l  

t r a v e r s e s .  During t h e  f i e l d  da ta  c o l l e c t i o n ,  a  base s t a t i o n  was 

maintained a t  the Kugruk canpsite t o  monitor diurnal d r i f t ,  The f i e l d  

da ta  was corrected for  the diurnal d r i f t  and smoothed by a three point 

running average before plotting, The corrected and smoothed da ta  show 

q u i t e  good c o r r e l a t i o n  of s h o r t  per iod anomalies between successive 

east-west t r a v e r s e s ,  e spec ia l ly  i n  t h e  northern pa r t  of the  s tudy 

a r e a ,  Othe r  g e n e r a l  t r e n d s  a p p e a r  on both the  north-south and 

east-west traverses (Plate 4 ) .  General trends i n  the magnetometer data  

show on o v e r a l l  increase  i n  i n t e n s i t y  from west t o  e a s t  across the 



s t r i k e  of the sedimentary deposit, A general nor th  t o  south  inc rease  

i n  i n t e n s i t y  is a l s o  evident on.the south side of Chicago Creek, The 

general intensity increases a re  interpreted as  re f lec t ing  t h e  thinning 

i n  sed imenta ry  sequence a s  t h e  basement rocks a r e  nearer  t o  the  

s u r f a c e ,  . The suspected f a u l t  terminat ing t h e  coa l  u n i t  s o u t h  of 

Chicago Creek was not ident i f ied on the magnetic data, 

A aumber of s h o r t  p e r i o d  anomal ies  were i d e n t i f i e d  on t h e  

e a s t - w ~ s t  t r ave r ses ,  Several  of these short  period anomalies can be 

correlated between successive east-west traverses f o r  a d i s t ance  of a t  

l e a s t  6,800 f ee t  (2,073 m) north of Chicago Creek, The northerly trend 

displayed by the short period anamolies is cons i s t en t  with t h e  s t r i k e  

of F':? sedimentary u n i t s ,  Most s i g n i f i c a n t  i s  t h a t  o f f s e t s  i n  the 

c",l Idbearing sequence i d e n t i f i e d  from the  d r i l l  h o l e  da ta  between 

h o l z s  i s  a l s o  r e f l e c t e d  by o f f s e t s  i n  t h e  s h o r t  period magnetic 

ai~omalies. T h i s  c o n s i s t e n t  c o r r e l a t i o n  between d a t a  s e t s  s t rongly 

s u g g e s t s  t h a t  t h e  source of t h e  s i g n a l  c r e a t i n g  t h e  s h o r t  period 

anomalies is i n  the coal bearing sequence and can be used t o  t r a c e  the 

sequence conta in ing  t h e  coal ,  The change i n  s t r i k e  between DH-10-83 

and DH-11-83 i d e n t i f i e d  by a n a l y s i s  of the  d r i l l i n g  d a t a  i s  a l s o  

ev iden t  i n  the  magnetometer data as  a  comparable change i n  the s t r ike  

of anomaly alignment, Between DH-9-82 and DH-7-83 t h e r e  i s  a 

no t i ceab le  o f f s e t  i n  t h e  alignment of magnetic anomalies. This area 

is a l so  anomalous i n  the in terpre ta t ion  of the  d r i l l i n g  da ta  and may 



sugges t  t h e  p re sence  of a  f a u l t  o r  f l e x u r e  i n  t h e  c o a l  b e a r i n g  

sequence, Other  appa ren t  d i s l o c a t i o n s  and/or f l exures  a r e  suggested 

by anomaly co r r e l a t i on  of magnetic data i n  the  southern por t ion  of t h e  

a r ea ,  These o t h e r  c o r r e l a t i o n s  a r e  n o t  a 3  w e l l  defined a s  those t o  

the  north, however, and do not have s u f f i c i e n t  g e o l o g i c a l  suppor t  f o r  

a c c u r a t e  c o r r e l a t i o n ,  The s h o r t  period anomalies change character  a t  

t h e  sou thern  end of t h e  s tudy a rea  where  me tamorph ic  r o c k s  were  

encountered a t  a  sha l low depth i n  t h e  1982 d r i l l i n g  prograu. This 

change i n  charac te r  Further suggests t h a t  t h e  s h o r t  per iod anomalies 

e x h i b i t e d  t o  t h e  no r th  a r e  due t o  t h e  c o a l  b e a r i n g  s t r a t i g r a p h y .  

Although the  coal  u n i t  was not spec i f ica l ly  i den t i f i ed ,  the  a s s o c i a t e d  

anomalous sequence shows promise a s  a marker s e c t i o n  with which t o  

t race  the package containing the coal ( P l a t e  4). 

Seismic  r e f l e c t i o n ,  EM and magnetometer surveys were implemented 

. a t  the  Chicago Creek si te t o  assess  the u t i l i t y  of these techniques  i n  

p r o s p e c t i n g  f o r  c o a l  and employing them f o r  t h a t  purpose i f  they 

showed promise, 

Se i smic  r e f l e c t i o n  proved t o  be inadequate due t o  the  combination 

of adverse  c o n d i t i o n s  d i scussed  above, The 1982 EM survey showed 

r easonab le  r e s u l t s  f o r  the  shallow subsurface; however, conditions a t  



I depth res t r ic ted  suf f ic ient  resolution t o  below interprets t i o n  1 eve l s  

I i n  both t h e  1982 and t h e  p resen t  s t u d i e s ,  Magnetometer data showed 

s i m i l a r  anomalous p a t t e r n s  t r a c e a b l e  from one t r a v e r s e  t o  another  

I along a genera l ly  northerly s t r i k e  consistent with known s t ruc ture  a t  

the s i t e .  This correlation of magnetic da ta  with geologic  knowledge 

I o f f e r s  good prospects  for extending the  limits of the coal occurrence 

I i n  future work a t  the Chicago Creek s i t e .  General t r e n d s  i n  the  da ta  

- appear t o  a r i s e  from a deeper source than the ta rge t  coal deposit and 

I may r e l a t e  t o  the geometry of sedimentary/basement interface,  

F u t u r e  g e o p h y s i c a l  s t u d i e s  a t  t h e  Chicago Creek s i t e  could 

I incorporate a magnetometer survey t o  extend t h e  l i m i t s  of the' coa l  

pa.*kage and possibly t o  l o c a t e  t h e  suspected o f f s e t  sec t ion  a t  the  

I so.; th end of the known deposit. A secondary EM34-3 survey using the  

65 ,6  f e e t  (20 m) c o i l  separation may be successful i n  identifying the  

I subcrop of the coa l  u n i t  if c o r r e l a t i o n  can be m a i n t a i n e d  a l o n g  

strike.  


